ffD  £3^3//  _ 


Distribution  oi  this 
co»enc  is  unlimited 


A!’ 


Tr.nKNtCAL  Ur.l-'i.iKT 
66- 28- hr 


INFILTRATION  OF  POROUS  FOODS  WITH  HIGH 
CALORIC,  NON-AQUEOUS ,  EDIBLE  MATERIALS 


by 


R .  A .  Lnpi 

Centre l  Engineering  Laboratories 
FMC  Corporation 
Santa  Clara,  California 


Contract  DA  19- 129-AMC-8A(N) 


Project  Reference: 

7X84-**! -033  Serlea:  rD-45 


April  1966 


Food  Division 

U.S.  ARMY  NATICK  LABORATORIES 
Natick,  Massachusetts  01760 


FOREWORD 


This  investigation  represents  a  iacet  of  a  broad  experimental 
program  directed  to  the  design  and  development  of  special  food 
packets  for  the  combat  soldier  who  ssust  carry  on  his  person  his 
entire  food  supply  for  prolonged  periods  during  which  resupply  is 
not  feasible.  Design  of  such  fo>sd  packets  reuse  assure  whole- 
someness  and  acceptability.  It  is  essential  that  packets  impose 
a  minimum  addition  to  the  weight  and  bulk  of  the  already  immoderate 
load  a  soldier  must  carry. 

While  freeze  drying  permits  maximum  weight  reduction  with 
minimum  impairment  of  acceptability  for  a  wide  variety  ©f  foods,, 
it  provides  little  or  ns  reduction  in  food  bulk.  Two  general 
procedures  appear  feasible  for  compensating  the  low  bulk  density 
resulting  from  the  porosity  of  freeze  dried  foods.  One  such 
procedure  seeks  to  eliminate  the  porous  structure  through 
compressions  this  alternative  has  been  the  subject  of  several 
investigations.  The  second  procedure,  which  provides  the  bisis 
for  this  investigation,  seeks  to  fill  the  pores  of  freeze  dried 
foods  with  stable,  high  calorie  materials,  which  are  normally 
consumed  in  conjunction  with  tha  p^rant  food.  This  latter  procedure 
appears  to  be  potentially  applicable  to  other  porous  items  such  as 
bakery  products. 

This  raport  describes  work  conducted  under  contract  M1S=  129-AMC-84 
with  funds  provided  by  the  project  titled.  Combat  Feeding  Systems. 

The  investigation  was  performed  at  the  Central  Engineering 
Laboratories  of  the  i-'MC  Corporation,  1185  Coleman  Avenue ,  Santa  Clara, 
California,  Dr,  R.  A,  Lamp!  served  as  Official  Investigator,  His 
collaborators  were  H.  Takahashi .  Jean  S,  <«nnonD  Mohawman  11,  Nosvati, 
Sltvestr*  Sierra,  and  William  B.  Sealf. 

Project  Officer  and  Alternate  Project  Officer  for  the  0.S.  Army 
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ABSTRACT 


Methods  together  with  suitable  high  caloric  formulations  were  developed  for 
filling  the  voids  of  representative  baked  items  and  freeze  dried  meats,  fruits 
and  vegetables.  Panel  tests  for  acceptability  and  relevant  physical,  chemical 
and  microbiological  observations  are  reported  for  infiltered  products  stored  for 
4  months  at  a  maximum  temperature  of  38®C.  Preparative  experience  has  been 
extrapolated  into  an  engineering  flow  diagram  for  large  scale  production  of 
infiltered  foods. 
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I .  INTRODUCTION 


Freeze-dried  foods  and  many  bakery  items  have  low  bulk  dens It ie a  and  yield 
relatively  few  calories  per  unit  volume »  From  a  logistics  point  of  vlewt  it 
would  be  advantageous  to  increase  caloric  density  of  these  food*  by  filling 
the  voids  with  edible  high  caloric  material.  To  explore  this  possibility,  work 
was  initiated  under  Quartermaster  Corps  Contract  DA  19-129-AKC-8MN)  to  infil¬ 
trate  selected  dried  foods  with  high  calorie  fillers  to  yield  a  caloric  content 
of  4.4  Kg-cal  per  gram.  Under  the  subject  contract,  two  phases  of  work  were 
involved. 

The  first  phase  of  work  dealt  primarily  with  the  development  of  formulae  and 
infiltration  techniques  for  twelve  various  foods.  The  detailed  results  of  this 
experimental  work  were  covered  in  Phase  I,  Final  Report. 

This  report  is  the  final  report  of  the  second  phase  of  studies  covered  under 
the  contract.  The  objectives  of  this  phase  were  to  apply  the  successful  infiltra¬ 
tion  techniques  and  formulas  of  Phase  I  to  fourteen  specific  foods  and  to  evaluate 
the  storage  stability  of  these  infiltrated  foods  by  chemical,  organoleptic  and 
microbiological  methods.  Also  included  in  Phase  II  scope  of  work  ia  the  prepar¬ 
ation  of  a  flow  sheet  diagram  supplemented  with  type  and  capacity  of  unit  equipment 
to  process  500  Kilograms  per  hour  of  infiltrated  foods. 

This  final  report  is  divided  into  two  separate  sections! 

Section  I  The  Preparation  and  Evaluation  of  Fourteen  Infiltrated  Foods. 

Jection  II  Flow  Sheet  Diagrams  and  Design  of  Equipeient  for  Producing 
500  Kg/hr  of  Infiltrated  Foods. 
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II ,  EXPERIMENTAL 


For  the  aost  part,  tha  infiltration  techniques  and  formulae  developed  in  the 
first  phase  ware  employed  in  producing  tha  high  caloric  foods  specified  for 
the  second  phase  work.  Special  emphasis  was  placed  on  selecting  infiltration 
Methods  which  could  be  most  easily  adapted  to  automated  processing  since  these 
techniques  would  supply  the  necessary  data  for  the  design  and  detail  of  the 
procees  flow  diagrams  for  producing  the  high  caloric  food  items. 

To  best  describe  the  experimental  work  performed,  the  discuscuaeion  will  be 
divided  into  three  sections. 

1.  A  description  of  ths  infiltrating  techniques  and  methods  for  evaluating 
the  infiltration. 

2.  The  specified  foods  and  the  materials  used  for  filler  formulation. 

3.  The  infiltration  procedures  and  fillsr  formulae  for  each  of  the  fourteen  foods. 


A.  Description  of  Infiltrating  Techniques  and  Evaluating  Infiltration 

two  of  the  four  methods  of  infiltration  described  in  Phase  I  Final  Report 
were  used  for  preparing  the  foods  for  the  second  phase  studies ,  A  third 
method  of  impregnation  waa  necessitated  for  one  of  the  food  items. 

1.  Infiltration  Methods 

a.  Vacuum  Release 

flic  main  method  of  penetration  was  vacuum  release.  The  equipment 
set-up  for  this  procedure  involved  ths  uss  of  a  vacuum  desslcetor 
and  e  vacuum  pump,  and  this  set-up  la  illustrated  in  Figure  1. 

Samples  to  be  impregnated  ware  kept  submerged  in  the  liquified 
lipid  filler  material  and  placed  in  the  vacuus  desslcetor.  A  30" 

Hr  vacuum  waa  drawn  and  released  as  soon  as  ths  emulsion  or  six tare 
began  to  bubble.  For  all  foods  infiltrated  in  this  manner,  subjecting 
each  sample  to  six  consecutive  cycles  of  vacuum  and  ralasss  was  found 
to  produce  the  best  results.  Lass  than  six  vacuum -re lease  cycles 
resulted  in  incomplete  infiltration.  Hors  than  six  cycles  did  not 
result  la  any  additional  infiltration,  sines  penetration  was  either 
near  complete  or  further  penetration  was  United  because  of  hardening 
of  the  absorbed  lipid  filler  material  within  the  food.  This  six 
cycle  vacuum-release  method  waa  satisfactory  only  when  using  relatively 
low  viscosity  fillsr  mixtures. 

b.  Positive  Pressure  Method 

for  iltose  food's  requiring  e  higher  viscosity  emulsion,  positive 
pressure  proved  to  be  the  beet  method  for  achieving  infiltration. 

The  one  by  two  inch  rectangular  die  shown  in  Figure  2  was  used  for 
ths  pressure  method  of  infiltration.  Ths  anulslon  was  placed  over 
ths  sample  and  placed  in  a  Carver  press.  Pressure  was  slowly  applied 
until  reaching  100  pounds  per  square  inch  sad  bald  for  eae  ninuts  to 
permit  escape  of  air  entrapped  in  ths  food.  Because  pressure  ie 
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applied  to  the  food  in  this  method,  only  fim  dry  food*  can  be 

infiltrated  successfully, 

c*  Manual  Injection  Method 

For  one  item,  macaroni ,  the  above  mentioned  methods  of  infiltra¬ 

tion  were  not  applicable  and  a  manual  injection  net hod  was  necessary 
In  this  procedure,  a  pump  was  fashioned  from  a  ahort  piece  of  tubing 
on  the  stem  end  of  a  small  funnel.  A  blunt  ended  20  penny  nail  was 
used  a3  a  plunger  for  the  pump,  (This  set-up  is  illustrated  in 
Figure  3),  A  single  piece  of  macaroni  was  fitted  into  the  tubing 
and  powdered  filler  material  in  the  funnel  was  pushed  into  the 
void  space  of  macaroni. 

2.  r. valuation  of  Infiltration 


Two  methods  of  evaluating  the  degree  of  infiltration  ware  employed, 

a.  Visual  Evaluation 

The  Initial  method  of  evaluating  the  degree  of  infiltration  wa*  by 
visual  examination  of  the  infiltrated  food  through  a  2  1/2  power 
magnifying  glass.  When  two  phase  (aqueous -lipid)  emulsions  ware 
us<£*d  for  infiltration  the  aqueous  pha8«  was  tinted  with  a  royel 
blue  dye  (FD6C  Blue  Ho,  2).  In  Phase  I  work,  tMa  dye  waa  found 
to  tint  only  the  aqueous  phase,  and  this  tinting  helped  in  ascertaining 
the  degree  of  penetration  achieved  by  each  phase. 

b.  Quantitative  Evaluation 

A?f sr  visual  evaluation  of  the  infiltrated  food  quantitative  methods 
ware  employed  to  determine  if  the  infiltrated  foods  «£*■;  the  4,4  Kilo¬ 
gram  caloric  requirements  by  weight  and  by  volume.  The  qualitative 
methods  involved  calculations  of  both  true  and  apparent  densities 
of  each  food  before  and  after  infiltration.  Tha  density  Information 
waa  then  used  in  caloric  calculations  fov  each  item.  Further 
details  of  these  calculations  will  be  diacuased  in  the  section  on 
evaluation  of  infiltrated  foods. 


Fcoda  and  Materials  Used  in  The  Infiltration  Studies 


1,  Food a 

fhe  contract  specifications  called  for  infiltrating  fourteen  foods  to  be 
selected  from  the  following  Items. 

1.  Pound  Cake  (or  doughnuts) 

2.  Pancake  (or  waffles) 

3.  Zwieback  toast  (or  crackers) 

4.  Puffed  rioe  (or  puffed  wheat) 

5.  Macaroni 
6„  Chicken* 

7.  Baef* 

8.  Shrimp*  (or  fiah*) 

9.  Peas*  (or  com*) 
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10.  Asparagus*  (or  green  baana) 

11.  Strawberries*  (or  plnaappla) 

12.  Applss*  (or  poaches*) 

13.  Cottage  cheese*  (or  scrambled  eggs) 

14.  Dehydrated  Beef  Stew*  (or  chicken  with  rice) 
(*freeie-dried ] 

The  actual  foods  selected  are  listed  first,  with  the  alternates 
in  parenthesis.  The  alternates  are  listed  because,  in  many  cases,  the 
efforts  to  Infiltrate  these  foods  are  discussed  in  the  preparation  of 
the  individual  foods. 

2.  Pillar  Materials 


During  the  first  phase,  a  wide  variety  of  filler  compositions  were 
explored,  mainly  in  attempts  to  reduce  ’’greasiness"  during  consumption. 

Of  those  fillers,  only  the  more  promising  ones  from  the  aspects  of 
completeness  of  impregnation  or  organoleptic  acceptability  and  proba¬ 
bility  of  good  stability  during  storage  were  used  in  the  second  phase. 

Because  the  infiltrated  foods  had  to  undergo  storage  at  100° F,  only 
those  lipids  which  had  melting  points  exceeding  this  temperature  could 
be  employed.  Acceptability  of  the  infiltrated  foods  by  a  taste  panel 
was  an  additional  requirement  which  precluded  the  use  of  some  high  melt¬ 
ing  point  lipids  because  of  the  totally  unacceptable  taste  and/or  mouth 
feel. 

CCC;  a  shortening  supplied  by  the  Durkees  Famous  Foods  Company,  Berkely , 
California}  was  found  to  be  acceptable  in  many  of  tha  filler  formulae 
used  for  infiltration.  The  112°F  melting  point  of  this  lipid  mads  it 
ideal  as  far  as  the  100° F  storage  requirement  was  concsrned.  In  addition, 
this  shortening  mixture  was  found  to  be  very  stable  under  adverse  storage 
conditions,  and  most  of  sll,  the  mouth  feel  and  tasta  of  this  lipid  when 
used  In  filler  combinations  was  found  to  be  the  moat  acceptable. 

Myverol  18-00;  supplied  by  the  Distillation  Products  Industries  Incorpor¬ 
ated,  Rochester,  Hew  York;  was  used  to  some  extent  in  formulating  coatings 
for  several  of  tha  infiltrated  products.  Myverol,  because  of  its  high 
melting  point  of  149° F,  was  ussful  in  raising  ths  malting  point  of  tha 
ohocolats  coating  usad  for  ssvsral  of  tha  food  itams. 

Llfwlcane  Type  50;  a  high  solute  sugar  syrup  containing  SOt  invert  and 
a  Brix  of  77°  mads  by  ths  California  and  Hawaiian  (CIH)  Sugar  Company, 
Crockett,  California;  was  successfully  used  as  on  infiltrating  material 
for  several  dried  foods.  This  syrup  added  ths  greatest  amount  of  calories 
of  any  syrups  tested  and  was  rated  most  acceptable  on  tha  basis  of  tests. 

Purity  270  Starch,  produced  by  ths  National  Starch  and  Chemical  Corporation, 
New  York,  New  York,  used  extensively  in  Phase  I  filler  formulations,  was 
seals  employed  in  ths  make -up  of  fillers  of  ths  second  phase.  A  mixture 
sf  dry  Purity  270  starch  and  melted  CCC  shortening  resulted  in  s  stable 
mixture  which  could  be  easily  infiltrated.  On  rshydration,  this  starch 
combined  with  the  water  of  rshydration  and  formed  a  gravy  which  conplemen- 
tad  ths  product. 
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When  satisfactory  infiltrated  products  were  achieved  with  the  Weie  },£»£<, 
•tareh  and  syrup  ingredients,  attempts  were  mrda  to  enhance  the  f later 
of  the  filler  com^und*  :,lth  several  types  of  flavoring  ea-erleU,. 

Various  oil  sox  ibis?  flavors  were  added  to  pure  lipid  fillers,  but  oftjm 
proved  to  be  unsa”  Vs  factory  because  1*  was  not  possible  to  achieve  ttfeily 
acceptable  flavor  levels  ir.  both  the  dry  and  reh^dr-eted  form  of  the  infil¬ 
trated  products.  If  the  flavor  level  in  the  rehydz  .t^d  product  was 
acceptable,  it  was  overpowering  wnen  the  product  was  consumed  dry.  Whan 
the  flavoring  level  was  adjusted  for  the  dry  infiltrated  product  tbs 
flavoring  went  unnoticed  in  the  hydrated  product. 

Less  potent  flavoring  materials  such  as  vanilla  and  other  conoon  aploes 
were  found  to  be  useful  in  several  filler  formulations,  and  the  uaa  of 
thase  falvorings  will  be  discussed  under  the  preparations  of  the  Individual 
foods.  For  many  foods,  salt  would  have  enchanced  the  taste  of  the  infil¬ 
trated  product ,  but  since  salt  is  known  to  have  an  adverse  effect  os 
lipid  stability,  it  wart  not  used  in  any  filler  preparation,  BecaiMe  the 
selection  of  suitable  flavorings  is  a  time  consuming  art  and  may  add 
more  variables  as  far  as  stability  and  acceptability  is  concerned,  little 
or  no  flavorings  were  used  with  the  many  infiltrated  products  prepared. 

In  the  following  discussion  the  functionality  as  well  a*  storage  stability 
of  the  infiltrated  foods  was  given  more  emphasis.  Each  infiltrated  food, 
however,  was  tested  by  an  informal  taste  panel  to  assure  minimum  organo¬ 
leptic  acceptability. 


The  Preparation  of  The  Individual  Infiltrated  Foods 


1,  Pound  Cake  or  Doughnuts 

Of  the  two  bakery  items,  pound  cake  was  selected  for  infiltration  and 
storage  studies  because  it  was  one  of  the  items  in  Phase  I  work  that 
was  successfully  infiltrated  by  the  positive  pressure  method.  Cakes 
were  purchased  from  a  local  market  (Lagendorf  United  Bakers,  Inc., 

San  Francisco,  California)  and  cut  into  1  x  2  x  1/2  inch  pieoea  to  fit 
the  die  used  for  infiltration.  From  the  results  of  the  earlier  studies, 
it  was  found  that  positive  pressuro  infiltration  required  the  pieces  to 
be  firm  while  under  pressure  within  the  die.  Consequently,  the  '<e 
pieces  were  plaoed  in  a  100° F  oven  for  1/2  hour  to  achieve  the  necesoery 
firmness  prior  to  infiltration. 

A  1:1  ratio  of  butter  frosting  and  CCC  shortening,  developed  in  Phase  X 
work,  was  used  es  the  filler  for  impregnating  the  cake  places.  The 
butter  frosting  wea  made  from  the  following  ingredients t 

Ingredient  Percent  jaLsma 

Confectioner ' s  Sugar  IU.4 

CCC  Shortening  25.2 

Heavy  Cream  10.3 
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To  make  tho  butter  frosting ,  sugar  was  first  thoroughly  mixed  with  the 
shortening  and  than  followed  by  the  addition  of  the  cream.  Tho  •..•sighed 
lipid  phasa  was  melted,  mixed  with  0.25  parcant  by  weight  of  lecithin 
and  slowly  blended  into  the  butter  frosting  using  a  low-speed  rotary 
boater.  {Lecithin*  A.  E.  Staley  Comoany,  Decatur,  Illinois*  was  found 
in  Phase  I  work  to  aid  in  emulsion  formation  and  stability,  resulting 
in  better  infiltration  results.  The  blending  temperatures  wars 
approximately  80°F  for  tha  butter  frosting  and  160°F  for  tho  lipid  phase. 

It  was  important  to  keep  the  emulsion  at  a  creamy  consistency  to  achieve 
good  penetration  results;  this  was  achieved  by  keeping  the  emulsion 
at  a  relatively  constant  temperature  in  the  range  of  115°  to  120°F. 

At  higher  temperatures  the  components  of  the  emulaion  separated  end 
at  lower  temperatures,  the  fat  solidified. 

This  butter  frosting-CCC  mixture  was  placed  over  the  piece  of  cake  within 
the  die  and  100  pounds  pressure  applied  for  one  minute  to  effect  complete 
infiltration.  A  sample  of  the  infiltvated  pound  cake  is  illustrated  in  Figure  4, 

2.  Pancakes  or  Waffles 


Previous  positive  pressure  infiltration  work  with  waffles  revealed  that 
the  shape  of  the  waffles  did  not  lend  itself  to  uniform  penetration 
or  to  removal  of  excess  filler  material,  and  consequently,  pancakes  were 
the  item  selected  for  infiltration  and  storage  studies. 

Pancakes  were  prepared  from  a  mix  (Betty  Crocker  B:.and,  General  Mills, 

Inc.,  Minneapolis,  Minnesota)  and  cooked  in  the  FHC  kitchen.  The  prepared 
pancakes  were  first  cut  into  1  x  1  x  1/2  inch  pieces  and  air  dried  for 
one  half  hour  at  100° F  to  achieve  the  firmness  necessary  for  positive 
pressure  infiltration. 

Two  filler  formulations  were  tried  with  the  pancakes  and  tested.  The 
initial  formula  for  infiltrating  pancakes  was  the  same  butter  frosting- 
CCC  mixture  used  for  the  pound  cake  except  with  the  addition  of  0.1 
percent  of  vanilla  flavoring  and  0.1  percent  of  maple  flavoring  (Both 
Schilling  Brand,  Me  Cormick  and  Company,  Baltimore,  Maryland.)  These 
Infiltrated  pancakes  wars  judged  acceptable  when  freshly  made,  but  after 
four  months  storage  became  rather  hard  and  grainy  and  f  ^  the  most  pert 
rated  unacceptable  by  t.he  panel. 

Another  filler  formula  was  triad  with  pancaka  to  minimise  the  increase  in 
firmneaa  occurring  during  storage.  The  formula  for  this  second  iiller 
was  tha  2i2il  combination  of  peanut  butter,  red  currant  jally  and  Myvarol 
mixture  used  for  infiltrating  toast,  and  its  preparation  is  discussed  in 
that  section.  Successful  positive  pressure  infiltration  was  achieved  with 
this  sacond  fillar  formulation.  A  sample  of  the  infiltrated  pancake  is  also 
illustrated  in  Figure  4, 

3.  roast  or  Crackers 


Toast,  bacause  it  was  very  similar  to  pound  cake  in  texturo,  was  the  item 
selected  for  infiltration  by  tha  positive  pressure  method.  Zwieback  Toast 
(National  Biaeuit  Company,  New  York,  New  York)  was  purchased  and  cut  into 
1  x  0  inch  places  fer  infiltration.  Since  this  product  was  already  in  fins 
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condition,  no  further  drying  for  tempering  was  necessary. 

Peanut  butter  and  jelly  combination  was  found  to  be  the  most  acceptable 
filler  formulation  used  for  infiltrating  the  dry  toast.  Grape,  blackberry, 
strawberry,  black  raspberrv  and  red  currant  jellies  were  mixed  with  the 
peanut  butter  and  pressure  infiltrated  Into  the  toast.  Of  the  products 
tested,  toast  infiltrated  with  a  1:1  ratio  of  red  currant  jelly  (Mary 
Ellen's  Inc.,  Berkeley,  California)  and  peanut  butter  (Skippy  Brand, 

Corn  Products  Company,  Alameda,  California)  received  the  beat  rating 
from  an  informal  taste  panel.  Samples  which  contained  a  greater  amount 
of  peanut  butter  were  rated  too  gummy,  while  those  with  a  greater  ratio 
of  jelly  were  too  sweet.  To  offset  the  natural  oilness  of  the  filler 
combination  and  to  increase  caloric  content,  20  perc  .it  by  weight  of 
Myverol  18-00  was  incorporated  into  the  peanut  butter- jelly  mixture. 

This  level  of  Myverol  was  found  to  be  the  maximum  amount  acceptable; 
the  use  of  higher  levels  resulted  in  a  noticeable  waxy  taste. 

To  make  this  filler,  peanut  butter  and  jelly  were  mixed  at  room  tempera¬ 
ture  with  a  rotary  beater  until  a  homogenous  mixture  was  obtained.  Myverol, 
which  had  been  heated  to  200° F,  was  then  added  with  rapid  mixing.  Continual 
mixing  and  constant  heating  at  125°  was  necessary  to  keep  this  filler  at 
the  desired  creamy  consistency. 

Puffed  Rice  or  Puffed  Wheat 


Puffed  wheat  and  puffed  rice  made  by  the  Quaker  Company  of  Chicago,  Illi¬ 
nois  were  purchased  for  the  infiltration  studies.  Initial  infiltration 
trials  revealed  that  both  foods  could  be  infiltrated  by  the  vacuum 
release  method.  In  an  informal  poll  of  panel  members,  puffed  rice  was 
regarded  as  more  acceptable  as  a  cereal  product, and  as  a  result  it  was 
decided  to  select  rice  as  the  item  for  further  penetration  work. 

The  first  infiltration  attempts  with  puffed  rice  were  to  use  a  flavored 
emulsion  so  that  the  final  product  would  resemble  some  of  the  flavored 
cereals  now  on  the  market. 

Several  flavored  emulsions  were  tried,  and  in  each  case  the  final  product 
was  unsatisfactory.  When  the  hot  aqueous-lipid  mixture  came  in  contact 
with  the  puffed  rice,  the  samples  softened  and  collapsed,  and  as  a  result 
further  work  with  emulsions  was  discontinued. 

Pure  lipid  fillers  such  as  CCC  and  Myverol  were  then  tried.  Leas  shrink- 
was  noted,  but  the  flavor  of  the  product  was  bland  jnd  net  vary 
acceptable.  Several  compatible  oil  soluble  flavors  were  then  incorporated 
into  the  lipid  filler  to  enhance  the  final  infiltrated  product#  Although 
these  flavored  products  were  some  improvement,  suitable  flavoring  levels 
could  not  be  achieved,  A  strong  burning  after-taste  was  experienced  with 
these  products  after  eating  several  pieces, 

Room  temperature  infiltration  with  other  high  caloric  fillers  mstsrisls 
was  than  attempted.  It  was  found  that  honey  could  be  successfully  infil¬ 
trated  by  the  vacuum  release  method.  Further  work  with  this  flllsr  was 
discontinued  when  it  was  revealed  that  the  infiltrated  product  fell  short 
of  the  caloric  requirements. 


Equally  successful  Infiltration  results  were  achieved  using  the  high 
solute  sugar  syrup,  Llquicane,  with  an  increase  in  caloric  value  over 
honey,  althax&h  the  final  product  was  still  below  the  caloric  requirements. 
Both  infiltrated  items  were  sticky,  but  from  a  taste  standpoint,  Llquicane 
was  more  preferable  than  honey. 

Attempts  wet*  then  directed  toward  reducing  the  stickiness  and  increasing 
the  csloric  - ontcnt ,  and  the  best  approach  appeared  to  be  by  the  use  of 
a  high  caloric  coating.  A  special  commercial  coating  chocolate,  supplied 
by  the  Qhiradelli  Chocolate  Company  of  San  Francisco,  California  was  tried 
and  found  to  be  ideal  as  far  as  coating  was  concerned!  however,  further 
work  was  nscessitated  whsn  it  was  found  that  chocolats  coating  melted 
at  100*,  and  that  more  calories  were  needed  in  the  coating.  In  subsequent 
tests  s  3 i 1  chocolate-Myverol  mixture  proved  to  be  the  most  promising. 

This  chocolate-Myverol  combination  did  not  melt  at  100°  and  was  not  con¬ 
sidered  too  waxy  tasting.  When  applied,  this  coating  hardened  quickly 
and  served  a  three  fold  purpose,  it  made  the  product  non-sticky,  it  kept 
the  syrup  from  seeping  out  and  it  added  the  necessary  calories  to  meet 
the  4,4  Kg-calories  per  gram  requirement. 

Temperature  proved  to  be  a  critical  factor  in  the  application  of  the 
chocolate  coating.  A  140°F  temperature  had  to  be  maintained  for  the 
chocolate-Myverol  mixture.  Below  this  temperature,  the  mixture  was  too 
thick,  and  above  this  temperature  it  was  too  thin. 

5 .  Macaroni 


Tha  plan  with  macaroni  was  to  fill  the  void  with  all  of  the  ingredients 
except  wator  that  are  needed  to  make  Macaroni  au  Gratin  so  that  this  dish 
would  ba  the  result  of  hvdration  of  the  infiltrated  macaroni.  Elbow 
macaroni  (Golden  Grain  Brand,  Golden  Grain  Macaroni  Company,  San  Leandro, 
California)  was  purchased  from  a  local  market  for  use  in  these  trials. 

The  first  emulsion  tested  was  composed  of  powdered  Cheddar  cheese  (Beatreme 
1326,  Beatrice  Foods  Company),  Purity  270  starch,  and  CCC.  Tha  lipid  was 
melted  and  blended  with  the  other  ingredients  using  a  rotary  beater. 

This  emulsion  was  then  injected  into  the  macaroni  void  using  a  hand  punp. 

The  resulting  stuffed  macaroni  was  cooked  in  boiling  water  for  thirty 
minutes.  At  the  end  of  this  time  the  macaroni  was  cooked  and  a  sauca 
had  formed!  however,  all  of  tha  emulsion  had  not  escaped  from  th*  macaroni, 
and  the  resulting  product  was  somewhat  guwny. 

Next,  a  3»1j1  ratio  of  the  powdered  chedder  cheese,  Purity  270  starch, 
and  a  powdered  shortening  (Beatreme  1184-A,  Beatrice  Foods  Company)  was 
introduced  into  the  macaroni  void  using  the  hand  pump.  The  hydration 
product  in  this  case  was  very  satisfactory,  since  all  of  tha  filling 
ingredients  had  blended  into  the  boiling  water.  The  flavor  of  the  sauce, 
however,  was  rather  bland  with  only  a  slight  suggestion  of  tha  cheese 
flavor.  Honthelass,  an  informal  teats  panel  rated  this  product  ae  quite 
acceptable.  The  amount  of  filler  that  can  be  introduced  into  the  macaroni 
void  is  such  that*  should  only  cheese  be  used*  there  would  still  not  be  a 
significant  cheese  taste  upon  hydration. 
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The  filled  product  was  coated  with  a  thin  layer  of  Myverol  18-00,  both 
to  keep  the  filler  from  spilling  out  of  the  macaroni  and  to  add  essential 
extra  calories.  The  final  product  meets  the  4,4  Kilogram-calorioo  par 
gram  minimum,  but  not  the  4.4  Kilogram-calories  per  cubic  centimeter 
minimum.  Perhaps,  if  the  filler  were  introduced  into  the  void  under 
greater  prassure,  the  percent  voids  could  be  reduced  sufficiently  to 
increase  the  caloric  content  per  cubic  centimeter  value  of  the  finished 
product. 

Chicken 


Cooked  and  frozen  chicken  rolls  comoosed  of  both  light  and  dark 
meat  were  purchased,  sawed  into  1/2  inch  slices,  and  then  freeze-dried 
in  the  FMC  pilot  facilities.  The  dried  slices  were  then  cut  into 
approximately  one  inch  squares  for  subsequent  infiltration  procedure. 

Phase  I  infiltration  work  indicated  that  chicken  could  be  successfully 
infiltrated  by  both  positive  pressure  and  the  vacuum  release  techniques. 
Since  the  vacuum  release  method  was  the  easier  method  of  the  two,  it 
was  decided  to  use  this  method  exclusively  to  prepare  infiltrated  samples 
for  test  purposes. 

Satisfactory  infiltration  of  an  emulsion  could  be  achieved  by  the  vacuum 
release  method, but  the  infiltrated  product  was  unsatisfactory  due  to 
shrinkage.  The  shrinkage  occurred  when  the  food  sample  came  into  contact 
with  the  aqueous  phase  of  the  emulsion.  The  use  of  viscous  emulsions 
reduced  shrinkage,  but  infiltration  was  not  uniform  and  the  product  was 
hard  to  hydrate  in  water.  Since  partial  hydration  occurred  with  all 
the  emulsions  tried,  and  since  a  partiallv  hydrated  chicken  would  be 
more  susceptable  to  spoilage,  it  was  felt  that  it  would  b«  best  to 
eliminate  entirely  the  use  of  any  water  in  the  filler  formulation, 

A  filler  mixture  containing  CCC  and  Purity  270  starch  powder  was  found 
to  be  ideal  for  infiltrating  the  freeze-dried  chicken.  This  mixture 
did  not  contain  any  water  and  was  more  acceptable  from  a  taste  point  of 
view  than  pure  fat.  When  the  infiltrated  product  was  added  to  warm 
water,  the  fat-starch  mixture  hydrated  to  form  a  gravy  base  that  enhanced 
the  product  taste  and  appearance. 

This  filler  mixture  was  prepared  by  mixing  equal  weights  of  the  Purity  270 
starch  and  melted  CCC.  The  best  penetration  results  were  achieved  when 
the  CCC-starch  mixture  was  maintained  at  around  120°F  during  ti.  infiltra¬ 
tion  by  the  vacuum  release  method. 

Beef 

From  the  first  phase  infiltration  work  with  freese-drisd  beef,  it  was 
found  that  aatiafactory  impregnation  of  low  viscosity  emulsions  was  possible 
by  the  vacuum  release  method.  But,  again,  as  in  ths  case  with  chicken,  the 
use  of  an  aqueous  phase  resulted  in  partial  hydration  of  the  beef  and 
consequently,  the  aqueous  phase  was  eliminated  in  ths  mekj-up  of  the  pene¬ 
trating  material,  And,  again,  infiltrating  with  a  1:1  CCC-Purity  270  starch 
mixture  was  found  to  be  the  best  solution  for  the  sans  reasons  discussed 
earlier.  Using  the  six  cycle,  vacuum  release  method,  complete  infiltration 
of  the  beef  was  readily  attained. 


The  beef  ueed  for  the  infiltration  studies  was  purchasad  frash  fram  a 
local  supplier.  Sine®  the  infiltrated  product  had.  to  be  ’Acceptable 
for  direct  conswaption ,  the  meat  was  first  cooked  to  l*i50r.  center  temp¬ 
erature  before  drying  in  the  freeze  dryer. 

8.  Freese  Dried  Fish  or  Shrimp 

Shrimp  was  the  item  selected  for  infiltration  studies  because  of  its  eaae 
of  penetration.  The  bsst  method  for  penetration  into  these  samples  was 
the  eix  cycle  vacuum-release  method.  As  with  beef  and  chicken  samples, 
there  was  partial  hydration  of  shrimp  samples  using  aqueous-lipid  tmulaions, 
and  one#  again  the  best  filler  material  was  found  to  be  the  1:1  CCC-Purity 
270  starch  combination. 

For  preparing  the  infiltrated  storage  samples,  medium-jumbo,  freaze-dried 
cooked  shrimp  was  purchased  from  the  Kraft  Foods  Company  of  Chicago,  Illi¬ 
nois. 

9.  Peas  or  Corn 


Vacuum -re lease  penetration  trials  wore  conducted  with  both  freeze-dried 
peas  and  freeze-dried  cot,  usin'  a  1:1  ratio  of  a  white  sauce  and  CCC 
as  the  penetrating  emulsion.  The  white  sauce  was  made  from  the  following 
ingredients:  milk-79. 6%,  oleomargarino-13.2%,  and  flour-7, 2%.  In  both 
cases  there  was  thorough  penetration  of  the  lipid  phase,  but  only  insig¬ 
nificant  white  sauce  penetration.  Further  trials  with  this  filler 
combination  were  discontinued,  however,  when  it  was  discovered  that  the 
white  sauce  spoiled  quickly. 

In  subsequent  work  it  was  found  that  both  com  and  peas  could  be  easily 
infiltrated  with  the  1:1  CCC-Purity  270  filler  used  for  infiltrating 
other  foods.  Although  both  infiltrated  foods  were  considered  bland, 
they  both  were  still  considered  palatable  when  eaten  directly.  Upon 
rehydration,  the  lipid-starch  combination  formed  a  sauce  with  the  water 
that  complemented  the  products.  The  consensus  of  an  informal  taste  psnel 
indicated  that  infiltrated  peas  were  more  acceptable  when  eaten  directly 
(dry)  than  the  infiltrated  corn;  as  a  result,  peas  were  selected  for  the 
storage  studies. 

Commercially  available  frozen  peas  were  used  for  preparing  the  infiltrated 
samples.  The  peas  were  first  cooked  and  then  refrozen  and  fre  -  Jried 
prior  to  infiltration  by  the  vacuum  release  method. 

10.  Asparagus  or  Green  Beans 

Infiltrated  freesa-dried  beans  have  proved  to  be  rather  tough  and  lest 
acceptable,  and  for  this  reason,  asparagus  was  selected  for  infiltration. 

It  was  found  that  complete  infiltration  of  ths  freeze-dried  asparagus  could 
be  achieved  with  the  six -cycle  vacuum  release  method.  An  initial  attempt 
was  made  to  incorporate  powdered  sour  cream  (Beatraaia  1038,  Beatrice  Foods 
Company,  Chicago,  Illinois)  into  the  CCC-Purity  270  starch  Mixture.  Satis¬ 
factory  infiltration  results  were  obtained  with  this  formula,  however, 
the  hydrated  product  was  quite  chewy  with  an  unacceptable  flavor. 


Asparagus  was  next  infiltrated  with  the  1:1  CCC-Purity  270  starch 
mixture.  This  product  was  not  quite  as  chewy  and  was  more  palatable 
when  eaten,  directly  and  rehydrated.  As  a  result,  asparagus  samples 
were  infiltrated  with  the  CCC-Purity  270  starch  mixture  and  placed  into 
storage . 

Samples  used  for  the  infiltration  studies  were  prepared  from  fresh 
asparagus  that  was  sliced,  blanched,  frozen  and  then  freeze-dried  on 
the  pilot  freeze-dryer.  The  infiltrated  product  is  illustrated  in  Fig.  5. 

11,  Freeze-Dried  Strawberries  or  Pineapple 

It  was  found  in  the  attempts  to  infiltrate  freeze-dried  pineapple  that 
the  filler  materials  penetrated  only  the  cavities  open  to  the  exterior 
rather  than  through  the  cell  walls.  Besides  the  inconsistent  penetration 
results ,  the  extreme  brittleness  and  hygroscopicity  of  the  dried  pineapple 
made  handling  difficult  and  less  suitable  for  penetration  purpose. 

Fraeze-dried  strawberries  were  found  to  be  easily  infiltrated  using  the 
six  cycle  vacuum  release  method,  but  there  were  some  difficulties  exper¬ 
ienced  with  the  type  of  fillers  employed.  Whenever  an  aqueous-lipid  emulsion 
was  employed  as  a  filler  material  the  strawberries  shriveled  badly. 

If  pure  lipid  fillers  such  as  CCC  or  Myverol  18-00  were  used  there  was  little 
shrinkage,  but  the  accompanying  waxy  mouth  feel  masked  any  strawberry  taste, 
and  this  product  was  rated  very  poor.  Less  shrinkage  of  the  berries  was 
experienced  with  a  filler  combination  of  Liquicane,  CCC  and  Purity  270 
starch,  but  the  impregnated  product  was  difficult  to  hydrate. 

It  appeared  then  that  the  best  solution  for  infiltrating  strawberries  was 
to  accept  the  15  -  20%  shrinkage  that  occurred  when  using  plain  Liquicane 
as  a  penetrant  and  coat  the  pieces  with  chocolate.  The  final  infiltrated 
product  resembled  a  chocolate  coated  candy  product  and  rated  very  accept¬ 
able. 

Complete  infiltration  of  the  Liquicane  was  achieved  with  the  six  cycle 
vacuum  release  technique.  Before  coating  the  infiltrated  pieces,  the 
excess  sugar  was  drained  off.  The  coating  formula  was  the  3:1  chocolate- 
Myverol  mixture  used  in  coating  puffed  rice.  A  sample  of  the  final  product 
is  illustrated  in  Fig,  6. 

12,  Fraaze-Drled  Apples  or  Peaches 

It  was  found  that  both  apples  and  peaches  could  ba  easily  Infiltrated  by 
the  vacuum  release  method,  but  that  both  samples  exhibited  a  tendency  to 
shrivel  during  the  infiltretion  procedure.  This  tendency  for  shriveling 
was  more  marked  with  the  peach  slices.  When  using  aqueous*lipld  filler 
emulsions  there  was  no  difficulty  in  filling  the  voids  with  lipids,  but 
the  aqueous  phase  penetration  of  the  peach  slices  was  unsatisfactc'^y 
regardless  of  amulsion  viscosity.  Bacause  tha  results  with  apples  appeared 
to  be  mor-'  promising,  no  further  work  was  attempted  with  peaches.  For 
this  item,  frozen  diced  apples  were  purchased  and  freeze-driad  in  tha 
FMC  pilot  dryar. 
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The  best  apple  dica  psnetration  was  achieved  with  low  viscosity  emulsions 
but  was  also  accompanied  by  the  greatest  shrinkage.  When  high  viscosity 
emulsions  ware  employed  the  shrinkage  of  the  product  was  reduced,  but  by 
the  same  token,  the  aqueous  phase  penetration  was  significantly  reduced. 
Successful  butter  frosting-CCC  shortening  penetration  of  the  apple  dices 
were  achieved,  but  the  rehydrated  product  proved  to  be  both  sweet  and 
greasy  and  not  very  appetising. 

A  111  ratio  of  CCC  and  confectioners  sugar  was  tried  and  found  to  produce 
an  infiltrated  apple  product  that  was  acceptable  both  dry  and  rehydrated. 
0.25%  Lecithin  was  added  to  this  mixture  to  aid  in  stabilization  during 
the  vacuum  infiltration  procedure.  Further  flavor  enhancement  was  achieved 
when  a  light  flavored  coating  was  aoplied  to  the  infiltrated  nieces.  The 
fonnula  for  the  coating  consisted  of  a  2:1  ratio  of  Purity  270  starch 
and  granulated  sugar. that  also  contained  8.3%  cinnamon  and  2.1%  nutmeg. 

When  eaten  directly,  this  product  resembled  a  candied  fruit,  and  when 
rehydrated,  the  finished  item  resembled  and  tasted  like  a  spiced  aople 
sauce  dish. 

13.  Cottage  Cheese  or  Scrambled  Eggs 

Initial  infiltration  work  was  done  with  freeze-dried  scrambled  eggs  which 
were  prepared  in  the  pilot  plant  facilities  according  to  U.  S.  Army  Speci¬ 
fications  LP/P  Des.  C-203-63  (1  Feb.  1963).  The  scrambled  eggs  were  frozen 
in  solid  one  half  inch  thick  layers  and  freeze-dried,  but  upon  removal 
from  the  dryer  the  layers  crumbled  into  smaller  particles  which  made  sub¬ 
sequent  handling  difficult.  Attempts  were  made  to  compress  the  dried  eggs 
into  bars  which  would  then  be  infiltrated.  The  efforts  to  compress  dried 
scrambled  eggs,  however,  met  with  little  success  because  of  the  high  lipid 
content  (22%)  and  granular  structure.  Pressures  up  to  10,000  psi  were 
applied,  but  a  good  cohesive  bar  was  not  obtained.  This  compression  treat¬ 
ment  also  succeeded  in  separating  the  egg  lipids,  and  the  compressed  egg 
bar  emerged  from  the  die  coated  with  fat  that  had  migrated  to  the  surface. 
Since  these  bars  were  in  a  sense  partially  infiltrated  with  a  lipid,  and 
further  infiltration  efforts  met  with  little  or  no  success,  work  was  then 
directed  toward  producing  infiltrated  cottage  cheese. 

Large  and  small  curd  cottage  cheese  was  purchased  and  freeze  dried.  The 
resulting  drisd  product  was  of  high  quality,  but  of  fragile  structure,  and 
aa  such,  did  not  lend  itself  to  any  infiltration  procedures.  Compression 
was  again  tried  and  it  was  found  that  a  suitable  cohesive  bar  '  1  be 
obtained  by  placing  a  10  gram  sample  in  the  1x2  inch  die  under  2500  psi 
for  30  seconds.  This  bar  was  readily  infiltrated  with  melted  CCC  using 
the  vacuum  release  procedure,  but  taste  tests  revealed  that  further 
work  was  necessary  to  make  the  bars  more  acceptable. 

The  initial  teste  tests  also  revealed  that  bars  made  from  small  curd  or 
cream  style  cottage  cheess  were  more  preferable  than  those  made  from  large 
curd  cottage  cheese  and  as  a  result,  small  curd  cottage  cheese  was  used 
in  further  experiments. 

Two  approaches  were  followed  in  the  development  of  an  acceptable  tasting 
infiltrated  and  compressed  cheese  bar.  The  addition  of  20%  powdered  sugar 
to  the  cottage  cheese  resulted  in  a  more  flavorful  bar  and  the  addition 
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of  an  oil  soluble  pineapple  flavoring  to  the  CCC  masked  the  greasy  teste 
of  the  fat.  Pineapple  flavoring  No.  17828  (Fritzsche  Brothers  New  York, 

New  York)  added  to  the  melted  CCC  at  the  rate  of  0.8  ml  per  1000  ml  was 
judged  to  be  the  best  formula  used.  This  bar  met  the  caloric  requirements 
as  well  as  being  rated  organoleptically  accepted ,  and  was  tested  only  in 
dry  form. 

Dehydrated  Beef  Stew  or  Chicken  with  Rice. 

The  decision  to  produce  infiltrated  beef  stew  or  chicken  and  rice  was 
not  made  until  the  results  of  the  taste  panel  evaluations  with  the  stored 
chicken  and  beef  were  completed.  The  test  results  showed  that  both 
impregnated  samples  were  stable  and  were  equally  acceptable  when  hydrated, 
but  the  panel  expressed  a  significantly  greater  preference  for  beef  in 
the  dehydrated  form.  Because  of  the  greater  preference  for  beef,  the 
decision  was  made  to  proceed  with  formulation  of  an  infiltrated  beef 
stew  product. 

Beef,  potatoes,  onions  and  peas  were  selected  as  the  ingredients  for 
infiltration.  For  the  beef  and  pea  components,  the  previously  described 
infiltration  procedures  and  filler  formulae  were  used.  Dehydrated  onion 
flakes  (Schilling  Brand,  McCormick  Company,  Baltimore,  Maryland)  were 
readily  infiltrated  with  melted  CCC  using  the  six  cycle  vacuum  release 
method,  but  attempts  to  infiltrate  dehydrated  potato  flakes  (Idahoan  Brand, 
Idaho  Fresh-Pak  Potatoes,  Lewisville,  Idaho)  met  with  little  success.  The 
relatively  impervious  surface  and  non  porous  structure  of  the  dehydrated 
potatoes  did  not  lend  itself  to  any  infiltration  procedures.  The  potato 
pieces  were  more  lipid  coated  than  lipid  infiltrated,  and  furth«'^~crr . 
the  treated  product  did  not  meet  the  caloric  requirements. 

Since  it  was  not  possible  to  obtain  a  satisfactory  impregnated  potato, 
dried  pre-cooked  rice  was  used  as  a  substitute.  Minute  Rice  (General 
Foods,  White  Plains,  New  York),  being  of  a  porous  structure,  was  readily 
infiltrated  by  the  vacuum  release  method  with  melted  CCC. 

Upon  completion  of  successfu  infiltration  of  the  stew  components  various 
component  mixtures  were  prepared  and  rehydrated  to  determine  the  most 
acceptable  combination.  On  a  dry  weight  basis  of  the  infiltrated  foods 
the  following  formula  was  found  to  be  the  most  ideal;  Rice-5G%#  Beef-30%, 
Peas-19%,  Onions-1%,  Tb  promote  better  particle  distribution  and  to  reduce 
rehydration  time,  the  beef  used  in  the  product  combination  was  cui  into 
1/4  inch  cubes  prior  to  infiltration. 

When  this  infiltrated  combination  was  rehydrated  and  a  gravy  sauce  was 
formed  from  the  starch  and  lipid,  the  product  resembled  some  of  ihe 
prepared  dinner  mixes  that  are  commercially  available  and  acceptad.  Both 
the  dry  and  rehydrated  beef  stew  is  illustrated  in  Fig.  7, 
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III.  EVALUATION  OF  INFILTRATED  FOODS 


It  was  apacifiad  in  tha  contract  that  upon  achieving  successful  infiltration 
with  aach  food,  a  series  of  special  tests  were  to  be  performed.  These  teats 
can  beat  be  diacusaed  under  the  following  two  headings:  (A)  Chemical  and 
Physical  Analysis  of  Infiltrated  Foods  and  (B)  Storage  Stability  Studies  of 
Infiltrated  Foods. 


A.  Chemical  and  Physical  Analysis  of  Infiltrated  Foods 

Under  this  heading  tha  following  analyses  were  performed  on  all  the  infiltrated 
foods:  (1)  Chemical  Analysis  for  Moisture,  Protein,  Fat,  Ash;  (2)  Density; 

(3)  Caloric  Value;  and  (4)  Equilibrium  Moisture  Value, 

1.  Moisture,  Protein,  Fat  and  Ash  Content 

The  resulrs  of  these  four  analyses  are  summarized  on  Table  1  and  were 
run  on  freshly  prepared  samples.  The  following  analytical  procedures 
were  used  in  the  determinations: 

Moisture  Content :  ^ 1  ^  Moisture  content  was  determined  by  drying  in  a 
vacuum  oven  under  a  minimum  vacuum  of  28  inches  of  mercury  for  sixteen 
hours.  To  promote  moisture  removal,  all  samples  were  pulverized  before 
drying.  All  determinations  were  run  in  triplicate. 

Moisture  contents  ai^e  expressed  on  the  dry  basis. 

Protein:^  The  Kjeldahl  method  for  determining  nitrogen  was  used  in 
calculation  of  the  protein  content.  Samples  of  infiltrated  food  were 
first  dried  and  extracted  with  petroleum  ether  and  then  digested  with 
sulfuric  acid.  Sodium  sulfite  and  copper  sulfate  were  used  as  catalysts 
in  the  digestion.  The  distilled  ammonia  was  collected  in  boric  acid 
and  titrated  with  0,1  h  HC1,  using  methyl  red  indicator.  Protein  was 
then  calculated  from  the  following  formula: 


ml  HC1  x  0.1  x  0,017032  x  100 
weight  of1  sample 


■  %  NH3  x  5,14  a  %  protein 


Fat: ^ 2  Petroleum  ether  was  used  for  determining  the  fat  content  of  the 
infiltrated  foods.  Test  samples  were  ground,  weighed  into  tared  Soxhlet 
thimbles  and  dried  for  two  hours  at  90°C.  in  air  before  extraction  for 
six  hours.  Lipid  values  are  expressed  as  percent  of  petroleum  ether 
extract , 


( 1 ) 

Ash:  The  ash  content  of  all  the  infiltrated  foods  was  determined  by 

ashing  to  constant  weight  in  a  muffle  oven  at  600°C.  In  most  cases 
ashing  was  completed  in  less  than  three  hours. 
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2.  Density 

Density  calculations  of  the  impregnated  foods  were  calculated  ee 
apparent  and  -true  densities.  The  apparent  density  figures  are 
based  on  the  observed  weight  gain  per  cubic  centimeter  of  the  infiltrated 
product  as  compared  to  the  original  food.  Samples  were  weighed  to  the 
nearest  milligram  on  a  Mattler  Analytical  Balance.  Volume  measurements 
were  made  with  the  aid  of  the  ruler  and  are  less  accurate.  To  compensate 
for  any  high  percent  of  error,  apparent  density  measurements  were  made 
on  ten  randomly  selected  samples.  Apparent  density  data  are  summarized 
on  Table  2. 

True  densities  were  measured  with  the  aid  of  a  Beckman  Model  420  Air 
Pycnometer.  With  the  exception  of  shrimp,  the  volumes  of  weighed  samples 
were  measured  using  the  one  to  two  atmosphere  operation.  Shrimp  exhibited 
high  surface  absorption  activity  that  affected  the  accuracy  of  readings, 
and  consequently,  a  one  to  two  atmosphere  helium  purge  was  used.  True 
densities  of  all  the  infiltrated  foods  are  listed  in  Table  3* 

Knowing  the  trua  and  apparent  density  values,  it  is  then  possible  to 
calculate  porosity  with  the  following  formula: 

true  density  -  apparent  density  a  pcrositv 
true  density 

By  calculating  porosity  of  both  infiltrated  and  uninfiltrated  foods,  it 
is  then  possible  to  determine  the  fraction  of  voids  filled  by  the  following 
method: 

Porosity  of  original  food  -  porosity  of  impregnaced  food  »  Fraction  of  voids 

filled. 

Table  4  summarizes  poroaity  values  of  the  infiltrated  and  uninfiltrated 
foods  and  the  fraction  of  voids  filled. 

3.  Caloric  Value 


Caloric  values  of  the  infiltrated  foods  were  calculated  in  terns  of  both 
weight  and  volume.  Standard  reference  guides  were  used  in  determining 
these  values'  3 In  al  l  cases  the  infiltrated  foods  yieldtd  at  least 
4.4  Kilogram-calories  per  gram,  but  there  were  a  few  foods  that  V  I  not 
approach  the  4.4  Kilogram-calories  per  cubic  centimeter. 

Table  5  summarises  the  caloric  value  of  eaeh  uninfiltrated  food,  the 
caloric  value  of  the  respective  filler  and  the  resulting  caloric  density 
calculated  on  the  basis  of  weight  change. 

The  true  density  and  porosity  values  calculated  earlier  wars  employed 
to  determine  the  percent  of  food,  filler  and  void,  respectively,  the  make 
up  one  cubic  centimeter  of  the  infiltrated  product.  Knowing  the  percent¬ 
ages  of  the  volume  occupied  by  eaoh,  the  Kilogram-calories  par  cubic 
centimeter  of  the  infiltrated  product  was  calculated  from  the  following 
formula x 

Xilogrsra-calories/gm  x  ga/icc  *  Kg  eal/cc 
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Raaulta  of  thasa  calculations  ara  summarized  in  Tabla  6. 

Savaral  foods  failed  to  achieve  the  specified  caloric  density  on  a 
volume  basis.  In  these  cases  there  are  more  unfilled  vdids  than  filled 
voids.  With  rice,  peas  and  strawberries,  low  initial  caloric  density 
with  relative  high  porosity  makes  it  difficult  to  achieve  the  high  final 
caloric  density.  For  two  of  these  items,  strawberries  and  rice,  it  was 
necessary  to  add  a  coating  for  supplementary  calories.  Possible  increases 
in  caloric  value  may  he  achieved  by  the  application  of  more  coatings; 
however,  this  avexlus  of  approach  was  not  followed  since  a  heavily  coated 
product  would  be  :.ore  associated  with  a  manufactured  food  rather  then 
en  infiltrated  food.  Based  on  practical  limits  of  the  infiltrating 
method,  it  does  not  appear  that  the  specified  caloric  density  on  a  volume 
basis  will  be  achieved  with  puffed  rice,  macaroni,  peas,  strawberries  and 
apples . 

4.  Equilibrium  Moisture  Values 

Included  in  the  chemical  and  physical  evaluations  was  the  determination 
of  equilibrium  relative  humidity  moisture  contents  for  each  infiltrated 
food  at  the  three  relative  humidities.  The  method  used  for  determining 
equilibrium  moisture  values  was  based  on  a  technique  first  proposed  by 
Wink  (3)  5  and  modified  by  Levine  and  Fagerson(4',  The  apparatus  used 

was  designed  by  Lamp!  C5)  as  a  further  modification  of  the  proceeding 
methods  and  is  illustrated  in  Figure  8. 

A  pint  canning  jar  with  a  standard  two  piece  metal  lid  (Ball  Brothers) 
is  used  as  a  humidity  chamber.  The  infiltrated  food  sample  is  placed 
on  a  plastic  petri  dish  that  is  suspended  over  a  saturated  salt  solution 
used  for  numidity  regulation. 

The  three  tsaturstad  salt  solutions  used  for  regulating  humidity  within 
the  jar3  were  as  follows; 

Salt  %  R.H,  at  20°C, 

Lithium  Chloride  11.1 

Potassium  Acetate  23.0 

Potassium  Carbonate  43,7 

The  outer  upper  end  of  the  suspension  wire  is  looped  so  that  it  „ens 
on  to  the  pan  hook  of  a  Hettler  Balanca.  With  this  set-up,  frequent 
weighings  can  ha  made  to  follow  the  course  of  equilibration  without 
diaturbing  the  inner  contents  of  the  jar. 

The  equilibrium  moisture  values  for  each  infiltrated  food  at  the  three 
relative  humidities  along  with  the  approximate  equilibration  time  ara 
summarized  on  Table  7. 


Storage  Stability  Studies  of  Infiltrated  Foods 

The  evaluation  of  storage  stability  of  the  infiltrated  foods  involved  three 
phases  of  analyses;  chemical,  microbiological  and  organoleptic  studies. 
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The  storage  tests  were  designed  to  evaluate  the  effects  of  four  months 
storage  on  the  chemical,  microbiological  and  organoleptic  stability  of 
the  infiltrated  products  stored  under  the  following  three  temperatures: 

1.  20°C. 

2.  38°C. 

3.  Cycling  between  -13°  and  +20°C, 

(For  this  cycling  program,  the 
following  schedule  was  followed: 

24  hours  at  20°C,  24  hours  at  18°C, 

60  hours  at  +20°,  60  hours  at  -18°C.) 

A  secondary  objectiva  of  the  storage  test  was  the  determination  of  minimum 
storage  precautions  to  be  taken  to  avoid  deterioration  under  the  temperatures 
listed  above. 

To  accomplish  both  objectives  of  the  storage  stability  studies,  three  sets 
of  each  infiltrated  food  sample  were  prepared.  One  set  of  samples  was 
stored  in  atmospheric  oxygen  (as  is),  a  second  set  sealed  under  N2  and  a 
third  set  prepared  with  the  addition  of  an  anti-oxidant  and  stored  in  atmos¬ 
pheric  oxygen.  0.077%  of  Tenox  6  (Eastman  Chemical  Company,  Kingsport, 
Tennessee)  based  on  the  lipid  filler  weight  was  the  anti-oxidant  used  in  tha 
third  set  of  samples. 

All  samples  prepared  for  the  above  storage  conditions  were  sealed  in  standard 
303  cans,  and  the  cans  were  maintained  at  the  three  temperatures.  Some  of 
the  larger  infiltrated  samples  (beef,  shrimp,  chicken,  cottage  cheese  and 
cake)  were  first  loosely  wrapped  in  aluminum  foil  to  maintain  better  sample 
identity  and  to  facilitate  packing  into  the  303  cans, 

1,  Chemical  Tests  for  Storage  Stability 

The  chemical  tests  used  to  determine  storage  stability  of  the  infiltrated 
foods  were  primarily  tests  to  measure  lipid  deterioration.  Since  all 
the  products  were  of  high  fat  content,  it  was  thought  that  the  major  source 
of  off  flavors  and  odors  would  be  the  result  of  lipid  reactions,  Chemical 
evidence  of  any  lipid  deterioration  was  determined  by  free  fatty  acid  and 
peroxide  value  analyses.  The  procedures  for  these  analyses  were  as  follows: 

Free  Fatty  Acids^2^ 

A  one-gram  sample  obtained  from  the  lipid  analysis  was  first  heated  to 
get  it  into  liquid  form.  Next,  fifty  milliliters  of  neutralized  alcohol 
was  added  to  the  sample  and  brought  to  boiling.  Two  milliliters  of  phen- 
olphein  indicator  were  added,  and  the  samples  were  then  titrated  with  ,01  N 
sodium  hycu-oxide  to  a  persistent  pink  color.  Free  fatty  acids  were  then 
calculated  and  expressed  as  percent  oleic  acid  using  the  foil  Lng  formula: 

%  Oleic  a  ml  of  alkali  x  N  x  28,2 
weight  of  sample 

It  is  worth  noting  that  in  determining  both  the  free  fatty  acid  content 
and  the  peroxide  values,  some  difficulty  arose  in  determining  the  end 
point  in  samples  where  the  fat  had  a  color  to  it.  An  example  cf  this 
would  be  macaroni  and  cheese  in  which  the  fat  was  orange  in  color. 


Peroxide  Values^2) 

A  one -gram  sample  obtained  from  the  lipid  analysis  was  dissolved  in  a 
2i3  acetic  acid^chloroform  solution.  One  milliliter  of  saturated 
potassium  iodide  solution  was  added  to  the  samples,  after  which  they 
were  placed  in  the  dark  for  ten  minutes.  Next,  fifty  milliliters  of  .1  N 
hydrochloric  acid  was  added  and  the  samples  titrated  with  .01  sodium 
thioeulfate  to  a  water-white  end  point  vising  starch  as  an  indicator. 
Peroxide  values  as  milliequivalents  of  peroxide  per  thousand  grams  of 
sample  were  calculated  using  the  following  formula: 

Peroxide  value  =  ml  of  NagSgOa  x  N  x  1000 

weight  of  sample 

The  results  of  the  free  fatty  acid  and  peroxide  value  determinations  are 
summarized  in  Tables  i  and  9. 

Except  for  the  three  foods  listed,  the  peroxide  value  most  infiltrated 
foods  were  found  to  be  less  than  0.1.  The  results  of  the  free  fatty  acid 
analyses,  on  the  other  hand,  showed  varying  degrees  of  increases  for  all 
foods.  Tests  were  also  run  on  the  filler  materials  stored  under  the  same 
conditions  as  the  infiltrated  samples,  and  in  all  cases  there  were  no 
observed  significant  changes  in  free  fatty  acid  and  peroxide  values. 

Considerable  variations  within  samples  were  experienced  in  the  lipid 
deterioration  analyses,  but  generally  the  increases  were  relatively  small. 
Samples  stored  under  38°C  showed  more  change  than  at  the  other  temperature 
and  less  deterioration  was  experienced  with  N2  packing  with  freeze-dried 
foods.  Mixed  results  were  observed  with  the  Tenox  added  samples.  In  the 
final  analysis  there  was  no  observed  off-taste  due  to  lipid  deterioration 
with  any  of  the  stored  products;  consequently, the  values  recorded  must  be 
within  the  limits  of  acceptability. 

Microbiological  Studies 

Upon  completion  of  the  four  month  storage  test,  all  infiltrated  foods  were 
analyzed  to  determine  microbiological  stability.  The  determination  for 
evidence  of  microbial  deterioration  consisted  of  a  careful  visual  examin¬ 
ation  for  any  macroscopic  evidence  of  any  microbial  growth  followed  by 
cultivation  and  plate  counting  of  infiltrated  samples. 

Ho  mold  growth  or  other  macroscopic  evidence  of  contamination  or  ’  '.■'irior- 
ation  was  observed  with  any  of  the  stored  samples,  but  the  results  of 
plate  counts  revealed  both  slight  increases  and  decreases  in  microbial 
population.  It  must  be  mentioned  here  that  in  the  course  of  preparing 
infiltrated  food  samples,  no  special  procedures  other  than  good  hygenic 
food  practices  were  followed. 


Because  of  the  high  lipid  content  of  the  infiltrated  foods  and  the  high 
melting  point  of  vhe  lipids  used,  some  difficulty  was  first  experienced 
in  making  satisfactory  water  dilutions  for  platihg  purposes.  The  lipid 
fraction  did  not  disperse  or  stay  dispersed  in  room  temperature  suspensions 
and  clogged  pipettes  during  the  plate  innoculations .  This  difficulty  was 
overcome  whan  it  was  found  that  by  heating  the  suspension  solutions  and 
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pipettes  to  103-105°F  the  food  and  Hold  were  better  dispersed,  which 
allowed  for  more  uniform  innoculation. 

Samples  used  for  microbiological  examinations  were  randomly  selected 
from  the  respective  storage  containers  and  each  sample  was  plated  at  two 
dilution  levels. 

From  the  sample  thus  prepared,  total  count  determinations  were  made  with 
Difco  Plate  Count  following  the  procedures  of  the  Standard  Methods  for 
the  Examination  of  Dairy  Products  ( b )  and  the  Recommended  Methods  for 
the  Microbiological  Examination  of  Foods  All  ihnoculated  plates 

were  incubated  at  30-35°C  for  72  hours  and  then  examined.  Results 
of  the  plate  count  analyses  together  with  the  gram  stains  of  the  typical 
colonies  observed  are  summarized  in  Tables  10  and  11.  The  increase  in 
microbial  population  is  one  of  the  principle  criteria  of  assessing  bacterial 
deterioration  in  food.  Because  little  or  no  increase  in  bacterial  popu¬ 
lation  was  observed  in  the  stored  infiltrated  samples,  the  indications 
are  that  little  or  no  deterioration  occurs  as  a  result  of  microbiological 
activity.  This  conclusion  is  further  substantiated  by  the  analysis  of 
the  bacterial  types  encountered  in  the  control  and  storage  samples.  The 
control  samples  most  often  revealed  bacterial  types  commonly  associated 
with  handling  contamination  while  the  more  resistant  types  of  bacteria 
were  observed  in  the  storage  samples.  This  evidence  indicated  that  the 
infiltrated  products  did  not  support  microbial  growth  and  that  good 
microbiological  stability  was  achieved  with  all  the  infiltrated  foods. 


OrganoleDtic  Evaluation 


The  third  series  of  storage  stability  evaluations  was  the  determination 
of  organoleptic  stability  of  the  fourteen  infiltrated  foods.  Upon  comple¬ 
tion  of  the  four  months  storage  tests,  all  samples  were  evaluated  for 
organoleptic  stability  by  comparison  with  the  freshly  prepared  counterpart. 

The  taste  panel  tests  were  designed  to  evaluate  organoleptic  stability 
at  the  three  storage  levels  (packing  environment)  and  temperatures  (treat¬ 
ments)  and  determine  the  minimum  precautions  to  be  taken  to  avoid  orgaloleptic 
deterioration  of  the  infiltrated  foods. 


Storage  samples  were  presented  in  two  randomly  selected  groups,  four  or 
five  samples  in  the  morning  and  the  balance  in  the  afternoon  of  a  given 
day.  Each  group  of  samples  was  compared  wi'  >  freshly  prepared  samples. 
Using  the  ballot  shown  in  Figure  9,  panel  members  were  asku  -  •  denote 
their  preference  and  difference  between  the  control  and  storage  samples. 
For  calculation  purposes,  a  rating  of  1,  2,  and  3  was  assigned  to  the  pre¬ 
ference  levels  and  a  score  from  1  through  5  for  thd  difference  levels. 


For  those  samples  requiring  testing  in  the  rehydrated  form,  160° F  water 
was  added  to  the  infiltrated  product  and  allowed  to  simmer  over  low  heat 
for  30  minutes.  Before  serving  the  warm  rshydrated  products  to  the  panel, 
any  excess  gravy  that  was  formed  was  drained  off. 


With  the  exception  of  the  first  product,  pound  cake,  the  taste  panel 
consisted  of  8  members  who  tasted  all  of  the  infiltrated  products. 

Some  difficulties  were  encountered  in  achieving  complete  rehydration  of 
the  larger  intact  pieces  of  infiltrated  foods,  but  this  problem  was  easily 
overcome  by  reducing  the  size  of  the  pieces  before  immersing  in  the  160°F 


With  three  of  the  infiltrated  foods,  namely  beef,  shrimp  and  chicken,  all 
of  tha  dried  infiltrated  samples  were  not  presented  to  the  panel.  Previous 
experiences  and  preliminary  taste  tests  revealed  a  high  degree  of  reluct¬ 
ance  and  resistance  to  tasting  all  the  nine  storage  samples  for  each  of 
these  foods.  In  order  not  to  antagonize  panel  members  and  still  give 
some  measure  of  acceptability  of  the  three  dry  infiltrated  foods,  only 
two  samples  of  each  food  in  dry  form  were  tested.  These  two  samples 
selected  represented  the  highest  and  lowest  acceptability  rating  in  the 
rehydrated  form. 

The  tasve  panel  results  showed  that  the  storage  samples  were  generally 
considered  different  from  the  controls,  but  the  differences  did  not 
effect  the  preferences.  Because  of  varying  panel  responses  to  each  food 
and  storage  condition,  the  taste  panel  results  of  each  food  will  be  dis¬ 
cussed  under  its  own  heading ,  The  taste  panel  data  are  summarized  on 
Tables  12  through  44  .  The  conclusions  drawn  from  the  data  are  baaed 
on  the  t-test  and  two  way  analysis  of  variance, Based  on  practical 
experience,  a  true  value  of  2  was  assumed  for  preferen:e  and  0  for  differ¬ 
ence  calculations.  Conclusions  were  tested  for  significance  at  the  95% 
confidence  level, 

a.  Pound  Cake 

Low  average  scores  were  recorded  for  samples  stored  at  38°  and  packed 
in  N2  and  0,.  Of  the  two  methods  of  packing,  samples  packed  in  O2 
were  significantly  unacceptable.  Samples  prepared  with  Tenox  showed 
the  best  overall  acceptability  and  would  appear  to  qualify  as  the 
minimum  precautionary  procedure  to  avoid  organoleptic  deterioration. 

b.  Pancake 

It  was  mentioned  earlier  that  two  separate  filler  formulas  were  used 
to  infiltrate  pancakes.  The  first  infiltrated  pancake  samples  became 
increasingly  harder  in  texture  during  the  four  month  storage  test  and 
were  rejected  by  the  panel  members.  It  must  be  admitted  that  all  the 
infiltrated  pancakes  are  fairly  firm  because  this  firmness  is  necessary 
for  tha  positive  pressure  infiltration  method,  but  the  change  in  texture 
was  not  anticipated.  The  primary  objective  of  the  second  attempt  was 
to  reduce  the  storage-induced  hardness  with  another  tested  formula, 

Time  limitations  precluded  complete  tests  with  this  second  infiltrated 
sample.  The  filler  formula  for  the  pound  cake  (2:2:1  ratio  of  peanut 
butter,  red  currant  jelly  and  Myverol)  proved  to  be  equally  successful 
in  Infiltrating  the  pancake,  and  with  essentially  the  sam  .oric 
value  for  the  infiltrated  product, 

Besides  a  different  filler  formula,  the  second  set  of  infiltrated 
pancakes  were  of  higher  initial  moisture.  It  was  thought  that  the 
hardness  could  be  reduced  with  the  higher  initial  moisture.  The  second 
set  of  samples  was  only  stored  two  months  and  tested.  Since  the  Tenox- 
treated  samples  did  not  produce  any  beneficial  effect  in  the  first  tests, 
only  two  treatment  levels  were  tested,  atcmospheric  O2  packing  and  pack¬ 
ing  under  a  N2  atoraaphere .  The  results  from  the  tests  with  both  samples 
are  included  in  the  appendix. 
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It  can  be  concluded  that  pancakes  can  be  successfully  infiltrated  to 
the  specified  caloric  density.  However,  a  major  formula  revision 
of  the  pancakes  is  required  to  achieve  good  textural  stability  in  the 
infiltrated  product 


c.  Toast 

Fcr  infiltrated  toast,  cycling  storage  temperatures  resulted  in 
best  acceptability  rating  for  all  levels  of  packing.  Although  the 
Tenox-treated  samples  scored  highest  with  the  cycling  storage  treat¬ 
ment,  low  acceptance  ratings  ware  noted  at  the  other  storage  temperatures . 
Near  equal  overall  acceptance  is  noted  with  the  02  and  N2  packed  samples. 
Since  N2  packing  represents  an  added  step  in  the  packaging  procedure, 
the  minimum  packing  requirement  for  organoleptic  stability  appears  to 
be  plain  packaging  of  infiltrated  toast  in  atmospheric  02. 

d .  Puffed  Rice 

The  best  overall  ratings  for  stored  samples  of  puffed  rice  were  for 
those  samples  packed  in  atmospheric  oxygen,  Nitroge.'  packing  of  the 
infiltrated  rice  sample  resulted  in  complete  rejection  of  the  samples 
stored  under  cycling  temperatures .  The  reason  for  the  total  rejection 
of  this  sample  is  unknown.  Of  the  samples  stored  with  Tenox,  the  20°C 
storage  samples  were  disliked  by  panel  members. 

Based  on  overall  storage  results,  the  best  method  of  packaging  infil¬ 
trated  rice  appears  to  be  by  packaging  in  atmospheric  oxygen. 

e.  Macaroni 

Of  the  nine  storage  treatments  for  infiltrated  macaroni  two  samples 
were  significantly  disliked  according  the  the  t-test;  nitrogen  pack- 
irp  under  cycling  storage  and  the  atmospheric  02  pack  stored  at  20°C. 

The  observed  deviations  for  the  above  responses  are  not  attributable 
to  envirnoment  or  temperature  and  cannot  be  explained  in  any  practical 
manner.  The  highest  overall  ratings  for  the  infiltrated  macaroni  was 
achieved  by  the  addition  of  Tenox  and  appears  to  be  the  minimum  method 
of  packaging  for  best  quality  retention  of  infiltrated  macaroni. 

f «  Chicken 

The  analysis  of  the  panel  results  with  rehydrated  chicken  reveals 
that  samples  stored  under  N2  were  rated  equal  to  or  better  than  tha 
control  samples.  Samples  stored  under  atmospheric  oxygen  also  received 
acceptable  ratings,  but  all  the  Tenox  treated  samples  were  rejected. 
Greater  differences  were  also  noted  for  the  Tenox  treated  chicken, 
and  it  is  possible  that  the  level  of  Tenox  used  for  this  proiuct  may 
have  affected  the  results.  For  infiltrated  chicken  the  minimum  method 
of  storage  appears  to  be  packing  in  atmospheric  oxygen,  but  the  high¬ 
est  overall  acceptability  ratings  were  achieved  with  the  samples  pecked 
under  a  N2  atomsphare. 

As  mentioned  earlier,  panel  testing  of  the  dry  infiltrated  chicken 
was  reduced  to  testing  two  samples  with  the  control.  The  samples 
which  had  the  highest  and  lowest  ratings  in  the  rehydrated  teats  were 
selected  for  testing  in  dry  form.  The  20°C  stored  in  N2  was  rated 
highest) and  the  lowest  rated  product  was  the  38°C  storage  sample  con¬ 
taining  Tenox. 
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Tha  numerical  rasults  of  this  test  showed  that  the  N2  packed  sample 
was  slightly  more  preferable  and  more  differences  were  noted  with  the 
Tenox  added  sample,  both  reflecting  somewhat  the  rehydrated  test  re¬ 
sults.  Statistically  speaking  however,  the  panel  could  not  distinguish 
any  differences  between  the  sampla  extremes  in  preference  or  difference 
within  the  95%  confidence  limits. 

Based  on  the  overall  results  of  the  panel  tests,  storage  at  the  infil¬ 
trated  chicken  in  a  N2  atmosphere  qualifies  aa  the  best  method  for 
maintaining  organoleptic  stability. 


g.  Beef 

The  best  overall  preference  of  the  stored  infiltrated  beef  samples 
was  recorded  with  samples  stored  at  20°C,  and  lower  overall  acceptance 
was  observed  with  samples  stored  under  cycling  conditions,  A  wide 
range  of  differences  was  noted  with  all  the  samples,  but  these  differ¬ 
ences  did  not  appear  to  affect  the  preferences. 

Although  the  panel  members  expressed  a  unanimous  acceptance  of  the 
20°C  storage  sample  under  N2,  the  opinion  was  divided  with  the  other 
N2  packed  samples  at  the  other  two  storage  temperatures. 

With  the  Tenox  added  samples  the  20° C  and  38°C  storage  samples  were 
rated  acceptable.  Cycling  storage  conditions  resulted  in  the  great¬ 
est  variations  in  tastu  differences. 

The  38°C-02  samples  and  the  cycled-Tenox  samples  were  compared  with 
the  control  to  test  the  acceptance  of  infiltrated  beef  in  dry  form. 
Results  of  this  test  showed  that  samples  rated  highest  in  rehydrated 
form,  38° -02  was  again  preferred  over  the  cycled  Tenox  sample ^ 
loweat  rated  when  tested  in  rehydrated  form, 

Baaad  on  the  overall  acceptance  at  the  thres  storage  temperatures, 
atmospheric  02  storage  samples  resulted  in  the  least  quality  deterior¬ 
ation  and  appears  to  be  the  recommended  method  of  packing  for  best 
quality  retention. 


h.  Shrimp 

Whan  taste  tasted  in  rehydrated  form,  all  infiltrated  shri  jmples 
stored  under  atmospheric  O2  received  the  lowest  ratings,  and  highest 
overall  ratings  were  noted  with  samples  stored  under  a  N2  atmosphere. 
Samples  stored  under  cycling  temperatures  appear  to  be  more  acceptable 
than  at  the  other  temperatures*  The  Tenox-added  samples  were  rated 
seme what  batter  than  the  plain  samples  stored  in  atmospheric  02,  but 
the  beneficial  affects  were  not  noted  at  all  storage  temperatures. 

On  the  basis  of  the  highest  overall  ratings,  it  appears  that  infil¬ 
trated  samples  of  shrimp  must  be  maintained  under  a  N  2  atmosphere  for 
best  quality  retention. 

Panel  tasting  of  the  dry  infiltrated  shrimp,  as  in  ths  case  with  chicken, 
and  beef,  was  limited  to  two  storage  samples.  The  highest  rated  (20°-H^ 
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and  lowest  rated  (20° -Atmospheric  O2)  of  the  rehydrated  somplaa  were 
presented  with  a  freshly  prepared  control.  In  thie  test  the  panel 
results  showed  that  more  differences  were  noted  in  the  20°-N2  ample 
with  slightly  lower  preference.  The  statistical  results,  however, 
show  that  both  samples  were  rated  fairly  close  to  the  control  and  tha 
indications  are  that  when  this  product  is  eaten  in  dry  form,  panel 
members  cannot  distinguish  too  well  between  samples. 

i.  Peas 

All  storage  samples  of  infiltrated  peas  were  taste  paneled  in  dry 
and  rehydrated  form.  As  can  be  expected,  the  panel  members  expressed 
a  greater  acceptance  for  the  rehydrated  product,  and  all  samples 
were  judged  acceptable  and  very  nearly  equal  to  the  control.  In  dry 
form  however,  two  of  the  samples  were  less  acceptable.  Lower  overall 
preference  scores  were  noted  with  the  20°+02  and  38°+Tenox  samples. 

The  addition  of  Tenox  to  the  infiltrated  samples  resulted  in  slightly 
better  quality  retention.  The  best  quality  retention  in  both  dry 
and  rehydrated  form  and  at  the  three  storage  temperatures  was  achieved 
by  storing  the  infiltrated  peas  under  N„.  On  the  basis  of  these 
results,  storage  of  infiltrated  peas  under  h2  appears  to  be  the  minimum 
method  for  preventing  quality  deterioration. 

j .  Asparagus 

Panel  tests  with  infiltrated  asparagus  revealed  that  the  product,  when 
rehydrated,  was  judged  to  be  inferior  to  the  fresh  control.  In  dry 
form,  however,  most  samples  were  judged  acceptable.  A  major  contri¬ 
buting  factor  for  the  rejection  of  the  hydrated  samples  was  the  lack 
of  uniform  rehydration.  Loss  of  rehydratability  is  associated  with 
storage  deterioration  in  many  freeze-dried  foods,  and  may  be  the  case 
with  freeze-dried  asparagus.  Further  loss  of  rehydratability  can  then 
be  expected  when  asparagus  fibers  are  coated  and  infiltrated  with  a 
lipid. 

Based  on  the  overall  results,  indications  are  that  limited  acceptabil¬ 
ity  can  be  expected  with  infiltrated  asparagus. 

k.  Strawberries 


With  one  exception,  panel  members  rated  storage  samples  vary  nearly 
equal  to  the  controls.  Significant  rejection  was  notec  for  samples 
stored  under  N2  at  38°C.  For  some  reasons  unknown,  the  f.-.avor  of 
these  samples  was  not  acceptable.  All  Tenox-added  samples  were  rated 
alike  and  acceptable,  but  less  preferred  than  those  samples  stored 
under  atmospheric  oxygen. 

Aside  from  several  comments  regarding  the  waxy  tasta  of  the  chocolate, 
the  infiltrated  chocolate  samples  were  considered  highly  acceptable 
aa  a  confectionery  item.  For  this  product,  best  overall  organoleptic 
stability  can  be  achieved  by  packaging  in  atmospheric  oxygen. 

1.  Apples 

The  tests  with  dry  and  cooked  infiltrated  apples  showed  that  the  dry 
storage  samples  were  rated  equal  to  the  control.  When  infiltrated 
apples  were  presented  in  rehydrated  form  there  was  considerable  variation 
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in  response.  This  variation  in  response  is  not  consistent  and  indi¬ 
cates  that  both  storage  temperature  and  environment  have  a  significant 
effect  on  quality  retention.  It  does  not  appear  then,  that  there  is 
a  packaging  procedure  vhich  vill  minimize  quality  deterioration 
at  the  three  storage  temperatures  for  this  infiltrated  product. 
Indications  are  that  major  reformulations  are  required  to  produce 
a  stable  infiltrated  apple  product. 

a.  Cottage  Cheese 

Wie  results  5F  the  panel  testing  with  compressed  and  infiltratad 
oottaga  cheaaa  reveal  that  very  little  organoleptic  deterioration 
took  place  during  storage.  On  the  basis  of  storage  temperature, 
higher  overall  acceptance  was  achieved  at  2CnC  and  on  the  basis  of 
environment,  samples  with  Tenox  were  considered  equal  to  or  better 
than  the  control, 

Minimum  acceptable  stability  of  infiltrated  cottage  cheese  samples 
can  be  achieved  under  atmospheric  O2  packaging,  but  greater  accept¬ 
ability  will  be  accomplished  by  the  addition  of  Tenox. 

Cottage  CheGse  in  compressed  and  infiltrated  form  wae  not  recognised 
on  sight  as  a  familiar  food,  but  on  the  whole  most  panel  members  found 
this  infiltrated  product  to  be  very  acceptable. 

n.  Beef  Stew 

With  the  exception  of  the  samples  mentioned  at  3C°C,  practically  all 
panel  members  reted  storage  samples  as  being  very  comparable  to  the 
control.  The  38°C  storage  samples  were  judged  to  be  slightly  inferior, 
Indicating  that  storage  temperature  had  an  effect  on  the  quality.  Of 
the  samples  stored  at  38°C,  aqual  perference  was  shown  for  the  samples 
packed  under  N2  and  treated  with  Tenox,  and  both  were  reted  higher 
then  the  semplee  stored  under  atmospheric  0? . 

The  addition  of  Tenox  appears  to  offer  minimum  quality  stability. 
However,  on  the  overall  analysis,  storage  under  a  nitrogen  atmosphere 
results  in  the  highs  acceptability  rating. 


IV.  SUMMARY 


Th«  objective  df  this  study  was  the  investigation  of  method  ifi»  infiltrating 
porous  frseze-driad  foods  with  high  eaiorie  filler*  to  achieve  a, total  oaierl# 
density  of  4.4  Kilogram-calories  per  gram  and  4,4  Kilogran-osloriM  per  uuble 
centimeter.  The  first  phase  of  the  study  was  concerned  with  the  development 
of  filler  formulas  and  penetration  methods  with  various  foods.  The  second  phase 
of  work  dealt  with  the  evaluation  and  storage  stability  studies  of  fourteen 
infiltrated  foods. 

The  overall  results  of  the  studies  indicate  that  porous  dried  foods  cart  be 
infiltrated  to  higher  eaiorie  densities  with  reasonable  initial  acceptability. 
The  results  can  be  summarized  as  to  their  bearing  on  the  following! 

1.  Penetration. Procedures. 

Three  methods  ,.or  infiltrating  foods  were  established,  vacuum  release, 
positive  pressure  and  mechanical  injection.  The  vacuum  release  method 
is  best  suited  for  infiltrating  freeze-dried  foods  with  low  viscosity 
fillers.  Positive  pressure  infiltration  can  only  be  applied  to  firm 
food  products  or  products  made  firm,  and  the  best  infiltration  results 
are  obtained  with  high  viscosity  filler  combinations.  Mechanical  injec¬ 
tion  is  the  only  method  of  filling  the  voids  of  one  item  (elbow  macaroni) 
and  is  the  only  method  where  a  powdered  filler  material  was  used,  The 
methods  of  infiltrating  each  of  the  respective  foods  can  be  adapted  to 
commercial  operations  yielding  500  Kilograms  per  hour. 

2.  Foods  for  Infiltration 

Out  of  the  24  possible  foods,  the  required  number  (14)  were  infiltrated 
with  high  calorie  fillers  with  good  or  moderate  results.  Eleven  food* 
met  the  requirements  as  to  organoleptic  acceptability  in  the  dried  end/or 
re  hydrated  form,  For  two  foods,  successful  infiltration  was  possible, 
but  equal  acceptability  in  both  the  driad  and  rehydrated  forms  was  not 
obtained.  With  one  item  (pancake),  the  basic  porous  food  itself  lacked 
stability. 


3 .  Filler  Formulas 

Filler  materials  used  for  the  infiltration  materials  can  be  formulated  from 
commercially  available  and  F.D.A.  approved  ingredients.  By  the  proper 
combination  of  these  products,  stable  and  organoleptically  acceptable  filler 
combinations  «an  be  formulated  for  each  food. 


4,  Caloric  Values  of  Iniiltreted  Foods 


All  the  foods  studied  were  infiltrated  to  yield  4,4  Kilogram-calories  per 
gram  but  not  all  could  be  infiltrated  to  yield  4.4  Ki.i t ^ram- calories  per 
cubic  centimeter,  With  those  foods  that  failed  the  caloric  nequiraearts 
on  a  volume  basis,  there  were  more  unfilled  voids  than  filled  voids. 
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Stability  of  Infiltrated  foods 


All  infiltrated  foods  exhibited  good  etorage  stability  cn  the  basis  of 
chemical  and  bacteriological  analyses. 

Taste  teats  ccaparing  freshly  prepaud  samples  with  samples  stared  far 
four  months  revealed  that  organoleptic  stability  was  achieved  far  most  foods 
with  some  minor  exceptions.  In  these  instances,  the  indications  are  that 
good  storage  stability  can  be  achieved  by  minor  revisions  in  the  filler  com¬ 
bination  and  in  one  caae  by  a  change  in  the  formulation  of  the  food  to  be 
infiltrated. 
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TABLE  1 


ORIGINAL  FOOD  ANALYSIS 
PER  100  GM  IMPREGNATED  SAMPLE 


FOOD 

iMOISTURE 

(1) 

““  IPROTElk 
(2) 

%FAf" 

(3) 

— nsr*” 

(4) 

Pound  Caka 

1.87 

2.61 

46.84 

0.16 

Pancaka-lat  Test 

6.38 

6.97 

28.61 

3.49 

Re run -2nd  Test 

12.27 

13.27 

28.63 

2.87 

Zwieback  Toast 

15.20 

10.89 

22.65 

1.30 

Puffed  Rice 

7.03 

3.95 

23.59 

0.79 

Macaroni 

7.81 

11.81 

2?.  07 

1.06 

Freeze-Dried  Chicken 

2.37 

24.61 

60.78 

1.44 

Freeze-Dried  Beef 

1.08 

34.75 

53,16 

1.26 

Freeze -Dried  Shrimp 

3.44 

26.69 

50.72 

1.11 

Freeze-Dried  Peas 

1.39 

3.31 

63.80 

0rt>6 

Freeze  Dried  Asparagus 

2.46 

1.86 

64.83 

0.54 

Strawberries 

11.25 

2.45 

12.87 

0.91 

Apples 

2.03 

0.41 

40.10 

0.22 

Cottage  Cheese 

1.60 

36.81 

35.47 

2.95 

Stew 

3.89 

13.84 

43.65 

0.66 

(1)  AOAC,  20.008,  p.  264 

(2)  XSHTt  2.033  Total  Nitrogen  Official,  p.12 

(3)  XUJTj,  22.032,  p.287 

(4)  7SF.JJ,  22.010  Ash  Official,  p.284 


1-28 


TABLE  2 


APPARENT  DENSITIES  OF  INFILTRATED  FOODS 


\  tin  impregnated 

!  Density  (gm/cc) 

Impregnated 

Density  (gm/cc) 

Average  Height 
Gain  (gm/cc) 

i - - - 

Pound  Cake 

0,37 

0.88 

0.51 

Pancake  0-**  Teat  Only) 

0.48 

0.92 

0.44 

Zwieback  Toast 

0.22 

0.93 

0.71 

Puffed  Rice 

0.01 

0.43 

0.42 

Macaroni  (Dry) 

0.29 

0.47 

0.18 

Chicken* 

0,39 

0.89 

0.50 

Beef* 

0.44 

0.99 

0.55 

Shrimp* 

0.31 

1.15 

0.84 

Peas* 

0.05 

0.16 

0.11 

Asparagus* 

0.06 

0.58 

0.52 

Strawberries* 

0.08 

0.95 

0.87 

Apples* 

0.14 

0.86 

0.S6 

Cottage  Cheese* 

(Compressed  Bar) 

1.20 

1.45 

0.25 

Beef  Stew 

0.50 

0.79 

0.29 

(Calculated  on  Basis 
of  Following  Ingredi¬ 
ents  by  Height.) 

Rice  (SOt) 

Beef*  (30%) 

Peas*  (19%) 

0.72 

See  Above 

See  Above 

0.97 

0.25 

Onions  (1%) 

(Not  Calculated 
shapes  and  not 

-  onion  pieces  highly  irregular  in 
possible  to  calculate.) 

*Freeze  Dried 
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TABLE  3 


TRUE 

DENSITIES 

OF  INFILTRATED  FOODS t 

Ita  impregnated 

Impregnated 

MMA'.'TJ H ?■ 

Food  Density  (gm/ce) 

Density  (gm/cc) 

in  Density 

(i) 

73  "Tr — 

Pound  Cake 

1.41 

1.22 

-0.19 

Pancake  (1st  Test  Only) 

1.45 

1.27 

-0.18 

|  Zwieback  Toast 

1.38 

1.26 

-0.08 

Puffed  Rice 

0.37 

1.20 

0.83 

Macaroni  (Dry) 

1.37 

1.23 

-0.14 

Chicken* 

1.32 

1.09 

-0.23 

Beef* 

1.39 

1.15 

-0.24 

Shrimp* 

1.95 

1.25 

-0.70 

Peas* 

1.26 

1.46 

0.20 

Asparagus* 

1.22 

0.90 

-0.32 

Strawberries* 

2.01 

1.32 

-0.69 

Apples* 

0.58 

1.18 

0.60 

Cottage  Cheese* 

(Compressed  Bar) 

1.30 

1.20 

-0.10 

Beef  Stew 

0.84 

0.94 

0.06 

(Calculated  on  Basis 

of  Following  Ingredi¬ 
ents  by  Height.) 

Rice  (S0«) 

0.37 

0.52 

0.17 

Beef*  (30%) 

See  Above 

Peae*  (19%) 

See  Above 

Onion  (it) 

1.45 

1.21 

-0.24 

*Free*a  Dried 

f£y  Pycnometer  Method  I«30 


TABLE  4 


POROSITY  MEASURE KENT8 


Food 

- fnltlai'  rerealty - 

(Uninfiltratad  Food) 

Pinal  Porosity 
( Inf iltratsd  Food) 

Fraction  of 
Voids  Fillsd 

ound  Caka 

0.74 

0.28 

0.46 

an oaks 

0.67 

0.28 

0.89 

wiaback  Toast 

0.84 

0.11 

0.73 

uffad  Rica 

0.98 

0.64 

0.34 

acaronl 

0.79 

0.62 

0.17 

nickan* 

0.70 

0.18 

0.52 

aaf* 

0.68 

0.14 

0.54 

hrimp* 

0.84 

0.08 

0.76 

eas* 

0.96 

0.89 

0.07 

sparagus* 

0.95 

0.86 

0.59 

trawberrias* 

0.96 

0.28 

0.68 

Dplas* 

0.75 

0.82 

0.43 

attaga  Chaase* 

0.08 

0.04 

0.04 

Fraeia-dried 
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F-D  Beef  (30%)  See  above 

F-D  Peas  (19%)  See  above 

Onions  (1%)  3.47  66.0  CCC  8.8  34.0  5.3 

Rice  (50%)  3.32  70.0  CCC  30.0  5.3 
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TABLE  7 


EQUILIBRIUM  MOISTURE  CONTENTS  OF  IMPREGNATED  FOODSt 


INIT.  HOIS- 

- non — 

min—  winf 

FOOD 

TURE  CONTENT 

STORAGE 

AT  EQUIL. 

TIME  (WEEKS)  | 

POUND  CAKE 

1.87 

11.1 

0.99 

12 

23.0 

1.55 

12 

43.7 

2,44 

12  1 

S ,3d 

ii.i 

i,54  “ 

23.0 

2.23 

16 

43.7 

3.88 

18 

T0X5T 

IS.  2d 

ii.i 

i.6$ 

id  ! 

23.0 

3.32 

28 

43.7 

5.33 

28  ! 

PUFFED  RICE 

TToT 

11.  i 

4.02 

23.0 

4.63 

30  5 

43.7 

6.29 

30  1 

MACARONI 

7.81 

ii.i 

1.96 

12  1 

23.0 

4.53 

10  1 

43.7 

7.54 

12  _ i 

KftUHBI 

ii.i 

Hi 

23.0 

2.74 

20 

43.7 

4.07 

20 

^ 'J *sr 

1.68 

ii.i 

2.04 

*”  54  ( 

23.0 

3.03 

24  l 

43,7 

4.87 

24  1 

msrnmmmm m 

3.44 

11.1 

2.74 

•32  : 

23.0 

3.71 

32 

43.7 

5.38 

32 

1.39 

Ii.i 

0,^8 

6 

23.0 

1.59 

8 

43.7 

2.52 

IP 

2  ."46 

ii.i 

or 

iS 

23.0 

2.40 

8 

43.7 

3.19 

8 

t4UAi  i 3  32a * summon 

11.25  “ 

ITT 

7.06 

if 

23.0 

7.65 

22 

43,7 

9.61 

22 

■mHB 

ii.i 

“““  1.23  " 

§ 

23.0 

1.51 

8 

43.7 

2.56 

8 

■  Ini  ■  Mill 

1.60 

ii.i 

1.48 

14 

23.0 

1.80 

14 

43.7 

3.01 

14 

3.8^ 

ii.i 

d 

23.0 

3.44 

3 

43.7 

5.80 

6 

t  Moisture  Content 

on  Dry  Basis 

by  AOAC  Method. 

9th  Edition,  1960 

• 

Page  264  20. 

008. 

ft  Equilibrium  Storage  Temperature  20°C. 
*  Freeze  Dried. 
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(1)  AOCS,  Official  Method,  Ca-5a-4Q.  Revised,  1963.  *  Results  on  2  months  storage  only  -  Tenox  staples  not  run 


PEROXIDE  VALUE  IN  FRESH  AND  FOUR  MONTH  STORAGE  SAMPLES 
(EXPRESSED  AS  MILLIEQUIVALENTS  OF  PEROXIDE  PER  1000  GRAMS  OF 
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TABLE  12 


TASTE  PANEL  DATA 


POUND  CAKE 
Hmm  of  Scores 

Preference  Difference 


-is® 

20°  C. 

38°  C. 

02 

2.17 

1.75 

1.25 

n2 

1.83 

1.58 

1.42 

T 

2.08 

1.75 

2.25 

-18°  C. 

20°  C, 

38°  C. 

O2 

1.92 

2.67 

2.92 

n2 

2.75 

2.50 

2.50 

T 

2.58 

2.50 

2.92 

Variance  in  Scores 


Preference  Difference 


-18°  C, 

20°  C. 

38°  C. 

-18°  C. 

20®  C. 

38®  C. 

.52 

.75 

.39 

°2 

.63 

.61 

.99 

.70 

.63 

.45 

»z 

.57 

.82 

1.00 

.81 

.57 

•  7u 

T 

.63 

1.00 

.99 

\-39 
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TABLE  14 


TASTE  PANEL  DATA 


PANCAKE  (1st  Run) 

Ha  ana  of  Soorea 


Preferenoa 


-18*  C.  20°  C.  38°  C. 


1.75 

1.13 

1.13 

1.38 

1.13 

1.38 

1.25 

1.50 

1.25 

Difference 


-18°  C. 

20°  C. 

38°  C. 

O2 

2.13 

2.50 

3.00 

n2 

2.38 

3.00 

2.88 

T 

2.25 

2.00 

2.75 

Variance  in  Scoraa 


Prafaranca  Diffaranca 


-18°  C. 

20°  C. 

38°  C. 

-18*  C. 

20°  C. 

38°  C. 

.50 

.13 

.13 

Oj 

1.27 

1.14 

.68 

.27 

.13 

.27 

n2 

1.70 

1.43 

1.55 

.21 

.29 

.21 

T 

1.64 

.57 

1.07 

STATISTICAL  ANALYSIS  OF  TASTE  PANEL  DATA 
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TABLE  16 


TASTE  PANEL  DATA 

*PANCAKE  (SECOND  RUN) 

Means  of  Scores 

Preference  Difference 

-18°C.  20°C.  38°C.  -18°C.  20°C.  38°C. 


Variance  in  Scores 

Preference  Difference 


-18°C.  20°C.  38°C. 


*  Time  limitations  precluded  completion  of  complete  storage  testing. 
Taste  panel  data  is  based  on  two  levels  of  treatment  and  taste  test 
after  two  months  storage. 
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TABLE  18 


TASTE  PANEL  DATA 


TOAST 

Means  of  Scores 


Preference 


Difference 


-18°  C. 

20°  C. 

38°  C. 

02 

2.00 

1.88 

1.50 

n2 

1.75 

1.63 

1.75 

T 

2.13 

1.25 

1.25 

• 

O 

O 

CO 

1 

20°  C. 

38°  C. 

02 

2.38 

2.38 

2.75 

n2 

2.88 

2.13 

2.50 

T 

2.63 

2.50 

2.50 

Variance  in  Scores 


Preference  Difference 


-18°  C. 

20°  C. 

38°  C. 

-18°  C. 

20°  C. 

’8°  C. 

.57 

.70 

.57 

°2 

.84 

1.13 

.50 

1.07 

.27 

.79 

n2 

.70 

.98 

1.14 

.98 

.21 

.21 

T 

.55 

.86 

.86 

TABLE  19 
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Sc'csrce  F(obs)  F  (95%)  Source  F(otos)  F  (95%) 

F-Ratio  MS { Treat ) /MS( Within )  =  1.05  3.15  F-Ratio  MS(Treat )/HS(Within)  *  .<*5  3.15 

F-Ratio  MS(T  x  L)/HS(Within)  *  1.23  2.53  F-Ratio  MS(T  x  L)/KS(  Within)  *  .10  2.53 

F-Ratio  MS Uavsia) /MS (Within)  *  4.20  3.15  F-Ratio  MS(Lev«l»)/HS(Withia)  *  3.52  3.15 


TABLE  22 


TASTE  PANEL  DATA 


MACARONI 
Mean*  of  Scores 


Pr*  France 


-18®  C, 

20°  C. 

389  C. 

Oi 

1.75 

1.50 

1.88 

n2 

1.38 

1.75 

1.75 

T 

1.88 

1.88 

1.88 

Difforanc* 


20®  C. 

38®  C. 

02 

1.63 

I 

1.25 

n2 

1.50 

1.25 

1.38 

T 

1.2S 

1.33 

1.13 

Variance  in  Seorac 


Preference  Difference 


-18°  C. 

20®  C. 

38®  C. 

-18®  C. 

20®  C. 

38®  C. 

°2 

.50 

.29 

.41 

°2 

.55 

1.07 

1.71 

.27 

.21 

.21 

n2 

.57 

1.07 

.27 

T 

.41 

.41 

.41 

T 

1.36 

1.41 

.98 
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TABLE  24 


TASTE  PANEL  DATA 


CHICKEN 

Hons  of  Sooraa 


Prafarenca  Diffaranca 


•  'T  C. 

20®  C. 

38°  C. 

-18°  C. 

20°  C. 

38®  C. 

02 

1.68 

2.00 

2.00 

02 

1.75 

2.00 

2.00 

n2 

2.13 

2.25 

2.13 

n2 

1.13 

.88 

1.75 

T 

1.25 

1.38 

1.38 

T 

2.50 

2.63 

2.50 

Variance  in  Scoraa 


Prefaranca 


-18®  C. 

20®  C. 

28®  C. 

°2 

.70 

.57 

.57 

n2 

.13 

.21 

.70 

T 

.21 

.55 

.55 

Diffaranca 


-18®  C. 

20°  C. 

38°  C. 

o2 

1.93 

r 

1.14 

1.14 

Nj 

.70 

.70 

1.93 

T 

1.43 

1.13 

2.00 

Saapla 


CHICKEN  -  DRY 


Storafa 

Prafaranca 

Siffaranoa 

Conditions 

Naans 

Varianea 

Ha  ana 

Varianea 

20®  C. 

1.5 

0.5714 

2.0 

1.428 

Tanox  38®  C. 

1.375 

0.5533 

2.625 

1.695 

1-51 
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TABLE  23 


TASTE  PANEL  DATA 


BEEF  (REHYDRATEP) 

Ha  ana  of  Scot** 

Prafarcnca  Diffaranca 


-18®  C, 

20°  C. 

38°  C. 

02 

1. 75 

1.75 

2.38 

n2 

1.75 

2,25 

1.50 

T 

1.63 

2.00 

1.75 

>18°  C. 

20°  C. 

38°  C. 

02 

2,00 

1.88 

2.25 

Na 

2,75 

1.63 

1.63 

T 

j  2.75 

2.25 

1.50 

Varianca  in  Scoraa 


Praferanca 


-18°  C. 

20°  C. 

38°  C. 

°2 

.50 

.50 

.55 

*2 

.79 

.21 

.29 

T 

.84 

.86 

.21 

Diffaranca 


-18®  C. 

20®  C. 

38®  C. 

°2 

1.14 

1.27 

.50 

1.36 

.84 

1.98 

T 

1.07 

.50 

.57 

Saapla 


Storaga 

Conditions 

BEEF  -  DRY 

Prafaranca 

Ha  ana  V apian ca 

Haana 

Diffaranoa 

Varianca 

38®  C, 

2,75 

0.4998 

2.62 

0,2678 

Tanox  -18  *20  °C, 

1.875 

0.6961 

2.0 

1.142 

1-53 

STATISTICAL  AHALYSIS  OF  TASTE  PANEL  DATA 


mi 


“ 

w 

<*■ 

a 

a 

«r 

4* 

X 

A 

f" 

t" 

c 

in 

r 

H 

H 

w 

Cm 

</) 

tr 

03 

rf 

r- 

r> 

1/ 

M 

CO 

a 

Cfl 

a 

od 

CO 

4 

cc 

■8 

.=»i 

u 

if 

oc 

w 

•- 

03 

r* 

Cm 

V— 

Cm 

CN 

CN 

CO 

4- 

PO 

H 

a 

N— ' 

CO 

r* 

c 

(0 

0 

rH 

© 

■H 

4) 

a 

4-> 

> 

(0 

fti 

H 

a) 

H 

§ 

3 

0 

P 

p 

w 

ifl 

X 

> 

W 

W 

s 

.Q 

V 

+-* 

p 

o 

S 

c 

V ) 

o 

1 

<0 

G 

o 

P 

H 

CO 

+-» 

•H 

p 

rtJ 

« 

H 

in 

x: 

m 

a 

9 

► 

« 

p 

p 

0 

cn 

£ 

5 

<0 

O 

p 

H 

•H 

o 

H 

CO 

r- 

00 

(J 

CO 

LO 

H 

O’ 

in 

• 

CO 

CO 

CO 

CO 

r- 

in 

CO 

o 

CO 

co 

cn 

CN 

• 

• 

« 

H 

vn 

CO 

co 

CO 

(*V 

fn 

CN 

CN 

00 

<o 

a 

lO 

V 

U 

a 

m 

XJ 

•H 

c 

(0 

ip 

o 

•H 

U 

H 

0 

0 

p 

> 

10 

o 

PO 

4) 

0 

CN 

H 

H 

-J 

u 

0 

f6 

X 

p 

> 

M 

V 

w 

M 

.a 

> 

4h 

V 

P 

3 

p 

O 

G 

C 

w 

v 

u 

© 

W 

0) 

II 

V) 

G 

c 

-Q 

o 

p 

H 

w 

-M 

o 

P 

41 

flj 

X 

—4 

3 

CD 

> 

© 

■U 

0 

P 

« 

V 

P 

n 

b 

1 

U 

b 

2 

to  00 
to  H 


(O  H 


II  N 

.9  -Si 

•<H  V 
:*  :*  w 
' —  — ■  C/J 

w  w  x 
JC  xs 


X  J 

hJS 


WWW 

XXX 


o  o 

rl  *H 


Cm 


o 

•H 
V  V  V 
tO  tO  tO 
K  Pi  Pi 
I  I  I 
Cm  Cm 


|u")  CO  t/v 
W  -M 


n  cm  n 


r~  ®  ^ 

cn  co  to 


5 


tl  II 

/— \ 

r,  c  •" 

*r{ 

/cjsp 

♦<  PM 

»  m2  ** 
*  X  w 
WWW 

w  W  X 
,X  X  >S 

N  ^ 

^  m 

[V  J  H 

S*S 

■Li 

'W  ' — '  w 

WWW 

XXX 

o  o  o 

•H  M 
t'  V  V 
«  M 
OS  (X  05 
I  I  I 
Cm  Cm  Cm 


SB 


•Cm 


* 

4m 

•H 

Q  4m 


►n 


Kn 


£ 


a 

i 

Cm 

H 


gh 


*> 

<7> 

cn 


V* 

K 

* 


4* 

bO 

.9 

3 


u 

•  in 
o  o> 

l 

<2 


gr 


K4 


l 


4m 


8 


in 


TABLE  28 
TASTE  PANEL  DATA 

SHRIMP 

Means  of  Scores 

Preference  Difference 


-18°  C. 

20°  C. 

38°  C. 

-18°  C. 

20®  C. 

38®  C. 

1.38 

1.38 

1.38 

O2 

2.13 

2.25 

2.63 

2.00 

2.13 

1.88 

n2 

1.50 

2.13 

1.50 

2.00 

1.50 

L. _ _ _ _ _ 

1.63 

T 

2.00 

2.00 

2.75 

Varianca  in  Scores 


P reference 


-18°  C. 

20®  c. 

38®  C. 

°2 

.27 

.27 

.27 

n2 

.57 

.70 

.41 

T 

lA 

• 

.29 

& 

00 

• 

Difference 


-18®  C. 

20®  C. 

38®  C. 

°2 

.70 

1.64 

.27 

*2 

.86 

.70 

.86 

T 

.57 

1.14 

.21 

SHRIMP  -  DRY 


Storage 

Preference 

Difference 

Sample 

Condition# 

Means 

Variance 

Means 

Variance 

A 

N2  20®  C. 

1.75 

0.4997 

2.25 

1.07 

B 

02  20®  C. 

2.0 

0.8571 

1.875 

1.553 

1-55 


TABLE  29 
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TABLE  30 
TASTE  PANEL  DATA 
PEAS  (DRY) 
Means  of  Scores 


Difference 


-J8°C. 

20°C. 

38°C. 

-18°C, 

20°C, 

38°C. 

°2 

1.63 

1.50 

1.63 

02 

2.13 

2.13 

1.88 

N2 

1.63 

2.00 

1.88 

n2 

1.38 

2.00 

1.75 

T 

1.88 

1.75 

1.50 

T 

1.63 

1.13 

1.63 

02 


N2 

T 


Preference 


Variance  l~n  Scores 


Difference 


0 

N2 

T 


.55 

.57 

.27 

• 

N> 

.57 

.70 

r-A 

.50 

CD 

CM 

• 

.98 

1.84 

1.27 

1.13 

1.43 

1.93 

1.13 

.70 

1.13 

Preference 


PEAS  (COOKED) 
Means  of  Scores 


Difference 


1.75 

2.38 

2.00 

1.88 

1.88 

1.88 

2.00 

2.25 

1.88 

02 
N  2 
T 


Preference 


Variance  in  Scores 


.21 

.55 

.57 

.41 

.41 

.70 

.57 

.50 

.41 

1.63 

1.63 

1.63 

1.75 

2.13 

1.38 

1.88 

1.63 

2.00 

Difference 

-18°C.  20°C. 

38°C. 

.84 

1.13 

.84 

1,64 

1.27 

.84 

.70 

1.13 

1.14 

TABLE  31 
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TABLE  33 


TASTE  PANEL  DATA 
ASPARAGUS  (DRY) 


Preference 


Means  of  Scores 


Difference 


-ie®c. 

20®C. 

38®C. 

-1B«C. 

20°C, 

38°C. 

2.13 

1.50 

2.00 

0?, 

2.13 

2.13 

— 

1.63 

1.75 

1,75 

1.88 

n2 

1.63 

2.13 

2.00 

1.75 

1.63 

2.00 

T 

2.00 

1.75 

1.88 

Variance  In  Scores 

Preference 

Diffdrence 

-18®C. 

20°  C. 

38°C, 

-18°C. 

20°C, 

38°C, 

.41 

.29 

.57 

°2 

.70 

.70 

1.13 

.50 

.21 

.70 

n2 

1.13 

.70 

r — — . . 

1.14 

.50 

.27 

.57 

T 

2.00 

.50 

.98 

ASPARAGUS  (COOKED) 

Maana  of  Scores 


Preference  Difference 

20°C.  38®C.  -18^0.  20°  C.  38°C. 


02 

1.25 

1.38 

1.13 

°2 

2.38 

2,00 

3,25 

n2 

1.50 

1.50 

1.13 

Nz 

1.88 

2.00 

3.00 

T 

1.50 

1.63 

1.38 

T 

2.25 

2.25 

2.25 

Variance  in  Scores 

Preference 

Difference 

3I1&S 

20®0. 

38°C. 

-18®  C. 

20®  C. 

33°C. 

m 

ESS 

WBM 

mm 

o2 

' 

.84 

,50 

— 

1.43 

*2 

|H 

H| 

■Hi 

n2 

1.55 

.57 

1.14 

■ 

H9| 

--.27 

T 

.50 

.79 

1.07 
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STATISTICAL  ANALYSIS  OF  TASTE  PANEL  DATA 
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TABLE  36 


TASTE  PANEL  DATA 
STRAWBERRIES  (DRY) 


Preference 


Means  of  Scores 


Difference 


-18°C. 

20°C. 

38°C. 

-18°C. 

20°C. 

38°C. 

o2 

2.13 

2.25 

2.13 

02 

1.88 

1.75 

2.13 

n2 

1.75 

1.75 

1.25 

N2 

1.50 

1.88 

2.25 

T 

1.88 

1.88 

1.88 

T 

1.A3 

2.13 

2.13 

Variance  in  Scores 


Preference 


-18° C. 

20°C. 

38°C, 

CM 

o 

.98 

.50 

.70 

n2 

.21 

.21 

.21 

T 

.70 

.70 

.70 

Difference 


-18°C. 

20°C. 

38°C. 

02 

.41 

1.07 

.70 

n2 

.29 

1.27 

1.07 

T 

1.41 

1.84 

.98 

TABLE  38 


N, 


02 


N, 


Preference 


TASTE  PANEL  DATA 
APPLES  (DRY) 

Ha an a  of  Scoras 


°2 

N2 

T 


N2 

T 


2.00 

2.00 

2.25 

2.00 

2.00 

2.00 

2.00 

2.00 

2,25 

02 

N2 

T 


Preference 


Variance  In  Scores 


.57 

.29 

.50 

.29 

,29 

.29 

t"* 

IO 

• 

.57 

.50 

Preference 


APPLES  (COOKED) 
Means  of  Scores 


1.50 

1.75 

2,25 

1.75 

2.25 

1.63 

-3.39 

-1.63 

-1.38 

°2 

H2 

T 


Preference 


Variance  In  Scores 


Difference 


.29 

.21 

.21 

r-» 

04 

• 

.21 

.55 

.27 

.27 

.55 

-18°C, 

20°C. 

38°C. 

1.50 

1.63 

1.88 

1.88 

1.50 

2.13 

1.88 

1.88 

2.00 

Difference 

-18° C.  20°C. 

38°C. 

1.14 

.84 

.70 

.98 

.86 

1.27 

.70 

.70 

1.71 

Difference 

-18°C.  20°C. 

2.00 

1.63 

1.63 

1.88 

1.88 

2.13 

mm 

2.75 

Difference 

-18°C.  20°C.  38°C. 

.98 

.29 

1.41 

1.13 

.41 

.98 

.98 

.57 

.50 

TABLE 


TABLE  41 


t 

{ 

k 


TASTE  PANEL  DATA 
COTTAGE  CHEESE  (DRY) 

Want  of  Scoraa 

Prafaranca  Diffaranca 


-18®C. 

20°C. 

38°C. 

-18°C. 

20WC, 

38°C. 

02 

1.75 

1.88 

1.88 

02 

1.75 

2.13 

2.13 

n2 

1.88 

2.13 

2.00 

h2 

1.50 

2.00 

1.75 

T 

2.00 

2.25 

2.13 

T 

1.88 

2.00 

2.25 

Varlanca  In  Scoraa 

Prafaranca 


Diffaranca 


-18»C.  20°C.  38°C. 


.50 

.70 

.70 

.HI 

.70 

.29 

.86 

•  21 

.70 

-18°C, 

20°C. 

38°C. 

°2 

1.07 

1.55 

1.27 

n2 

1.14 

.86 

.79 

T 

1.27 

.86 

1.07 

1-63 


* 


**■ 


TABLE  42 


TABLE  43 


TASTE  PANEL  DATA 
BEEF  STEW  (RE HYDRATED) 


Preference 


Means  of  Score* 


Difference 


0* 

H2 

T 


-18®C. 

20*C. 

38°C. 

-18°C. 

20°C. 

38*C. 

2. SO 

2.38 

1.63 

02 

1.88 

1.25 

2.25 

2.50 

2.50 

1.88 

n2 

1.68 

1.36 

1.75 

2.25 

2.13 

1.88 

T 

2.00 

2.13 

1.50 

Variance  In  Scores 

Preference 


Difference 


-18°C. 

20°C« 

38®C. 

°2 

.57 

.27 

.84 

*2 

.29 

.29 

.70 

T 

.50 

.41 

.70 

-18°C.  20° C.  38°C. 


1.8’) 

.79 

.50 

.98 

.55 

.50 

.29 

.41 

.86 

-70 


TABLE  44 


Figure  2  RECTANGULAR  DIE  USED  FOR  POSITIVE 
PRESSURE  INFILTRATION 


Fiqnr-  4  INFILTRATED  POUND  CAKE  AND  PA 


Figure  5  ASPARAGUS 


Figure  6  STRAWBERRY 


Figure  7  INFILTRATED  BEEF  STEW 


F i f Hire  8  ASSEMBLED  VIEW  OF  HUMIDITY  JAR  USED  FOR  DETERMINING 
EQUILIBRIUM  MOISTURE  CONTENT 


' 


^  -  Uk 


Kama  Product  _ 

Compare  the  flavor  of  aach  of  tha  numbarad 
samples  vlth  that  of  tha  rafaranc*  sample  "S", 
and  indicate  tha  ralatlva  difference  and 
relative  acceptance  from  sample  "S"  by  checking 


tha  appropriate 

squares 

.  DO  HOT  MARK  BETWEEH 

SQUARES! 

SAMPLE^ 

Difference 

Preference 

Great 

5P 

More 

Acceptable 

3P 

Moderate 

4P 

Slight 

3P 

Comparable 

20 

Very  slight 

2P 

Less 

Ho  difference 

IP 

Acceptable 

IP 

Comments 

I 

FIGURE  9 

Sample  Taste  Ballot 
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SECTION  II 


Flow  Sheet  Diagrams  and  Design  of  Equipment  for  Producing 
500  Kg/hr  of  Infiltrated  Foods 


I.  INTRODUCTION 


Contract  No*  DA  19-129-AMC-B4(N)  requires  that  a  process  flow  sheet  be  prepared 
for  the  fourteen  foods  listed,  The  flow  sheets  are  required  to  show  materials, 
quantities,  and  equipment  necessary  to  produce  500  Kg/hr  (1102  lbs/hr)  of  food 
product*  A  more  detailed  investigation  and  definition  is  required  for  the  process 
equipment  necessary  in  processing  the  above  production  on  one  product  within  each 
of  the  following  groups: 

Group  1,  Freeze  dried  beef,  chicken,  shrimp,  and  cottage  cheese. 

Group  2,  Freeze  dried  peas,  asparagus,  strawberries  and  apples. 

Group  3,  Fuffed  rice,  zwieback  toast,  pound  cake,  and  pancakes. 

Group  4,  Macaroni  and  freeze  dried  beef  stew, 

For  the  more  detailed  investigation,  shrimp  was  chosen  from  Group  1,  asparagus 
from  Group  2,  pound  cake  from  Group  3,  and  beef  stew  from  Group  4. 


II.  METHODS  OF  PROCESSING 


The  freeze  dried  beef,  chicken,  shrimp,  peas,  asparagus,  and  beef  stew  are  pro¬ 
cessed  by  the  vacuum  release  system.  Freeze  dried  cottage  cheese  is  also  processed 
by  the  vacuum  release  system,  but  with  a  prior  pressing  operation  to  form  the  cheese 
into  a  solid  bar,  F- eeze  dried  strawberries,  apples,  and  puffed  rice  are  processed 
by  the  vacuum  release  system  and  subsequently  coated.  Zwieback  toast,  pound  cake, 
and  pancake  are  processed  by  the  positive  pressure  method.  Macaroni  must  be  filled 
by  mechanical  injection, 

A,  Vacuum  Release 

The  vacuum  release  sysiem  requires  that  the  food  be  submerged  in  the  filler 
emulsion  within  a  container.  The  container  is  then  placed  in  a  vacuum  chamber 
and  a  vacuum  drawn.  The  vacuum  is  then  quickly  released  when  the  emulsion 
starts  to  bubble.  Breaking  the  vacuum  causes  the  emulsion  to  penetrate  the 
food.  For  best  penetration,  6  cycles  of  vacuum  and  release  are  required. 

B,  Fositive  Pressure 

Impregnation  of  food  by  the  positive  pressure  system  is  accomplished  by  plac¬ 
ing  the  food  sample  in  a  die  set,  The  emulsion  is  placed  on  top  of  the  food, 
and  the  mating  die  is  used  to  press  the  emulsion  into  +he  food  under  pressure. 
The  pressure  required  is  approximately  100  psi  and  is  1  eld  for  about  60  seconds 
to  permit  the  escape  of  air  entrapped  in  the  food, 

C,  Mechanical  Injection 

A  mechanical  injectio.:  system  is  needed  to  fill  the  void  in  macaroni.  The 
machine  to  accomplish  this  on  a  large  scale,  would. be  necessarily  complex  and 
costly,  but  nevertheless  feasible. 
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XXI «  PROCESS  PLOW 


The  prooess  flow  diagram* ,  showing  materials,  quantitlaa  of  materials,  and 
equipment  necessary  to  produo#  1102  lbs/hr  (l j0  Kg/hr)  of  product,  ara  ehown 
In  flguraa  1  through  14,  "able  1  shows  the  method  uaad  in  arriving  at  the 
quantities  ahown  on  th*  prooess  flow  diagram,  Th#  densities  shown  in  Columns 
1,  2,  and  3  ara  given  in  Table  2  of  the  previous  section,  Columns  4  and  5 
are  based  on  the  original  density  as  being  th*  percent  of  food  in  th*  final 
product  and  the  weight  gain  as  being  the  percent  of  filler  in  th*  final  pro¬ 
duct,  Columns  6  and  7  are  the  percentages  shown  in  Columns  4  and  5,  taken  of 
1102  lbs,  which  is  the  desired  production  per  hour.  The  filler  ingredients 
and  their  mixture  ratios  (Column*  6  and  9)  ore  given  in  Table  5  of  the  pre¬ 
vious  section,  Column  10  of  Table  1  is  th*  percentage  shown  in  Column  9  of 
tha  weight  flow  established  in  Column  7,  Flows  of  food  shown  in  Column  6 
and  fillers  ahown  in  Column  10  are  the  flows  shown  in  the  process  flow  dia¬ 
grams,  These  flows  may  be  used  to  select  the  size  and  type  of  equipment 
needed  to  process  the  various  ingredients,  With  proper  corralation  it  ia 
possible  to  select  equipment  so  that  more  than  one  product  may  be  processed 
with  the  same  equipment.  However,  before  any  equipment  could  be  selected 
the  physicl  characteristics  pertinent  to  handling  and  proportioning  the 
material  must  be  considered, 


IV.  EQUIPMENT  DESIGN  PARAMETERS 


In  order  to  specify  production  facilities  for  the  food  products  concerned 
here,  it  is  necessary  to  formulate  parameters  and  requirements  to  guide  the 
plant  design  and  equipment  selection.  The  following  must  be  considered  along 
with  the  more  general  parameters: 

A.  The  amount  and  type  of  labor  required.  This  would  determine  the  degree 
of  automation  needed  to  meet  the  production  rates,  and  would  be  a  prime 
consideration  *n  the  selection  of  equipment. 

B.  A  more  detailed  specification  is  required  concerning  the  number  of  different 
food  products  to  be  handled  by  the  facility.  This  information  is  necessary 
in  order  to  specif;'  equipment  which  could  be  used  for  more  than  one  ingre¬ 
dient  or  for  more  than  one  food  product.  A  master  flow  sheet  could  then 

be  formulated. 

C.  Requirements  concerning  exposure  of  the  foods  and  ingredients  to  the 
atmoephere  during  storage,  proportioning,  filling,  and  handling  must 
be  determined  in  order  to  specify  protective  moans.  Protection  from 
bacteria  and  moisture  must  be  considered, 

D.  Means  for  increasing  the  capacity  or  increasing  the  variety  of  products 
must  be  considered. 
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E.  The  nature  of  the  foods  and  filler  Ingredients  to  be  processed  must  be 
studied  to  establish  the  handling  means,  proportioning  techniques,  and 
protective  measures  best  suited  to  each  particular  ingredient  in  the 
product.  Data  needed  would  concern  weight,  nature  of  product  (powder, 
liquid,  slices,  paste,  etc.),  size  of  pieces  (if  solid  or  granular), 
flowability,  cohesive  tendency,  adhesive  tendency,  friability,  and  com¬ 
paction  problems. 

F.  Conditions  relating  to  storage  of  the  foods,  filler  ingredients,  and 
final  product  must  be  determined  (type  of  atmosphere,  moisture,  tempera¬ 
ture,  etc.)  and  data  concerning  shipping,  receiving,  and  condition  of 
product  as  received,  must  be  established  in  order  to  provide  adequate 
storage  space  and  facilities. 

G.  The  type  of  container  for  the  final  product  must  be  established  in  ordar 
to  select  the  proper  packaging  equipment. 

H.  A  thorough  investigation  must  be  performed  of  available  commercial  equip¬ 
ment  which  would  have  to  be  designed. 


V.  EQUIPMENT  SELECTION  AND  DESIGN 


In  order  to  satisfy  the  contract  requirements  as  outlined  in  Section  I ,  paragraph 
1;  that  is,  define  the  equipment  needed  to  process  the  selected  four  foods, 
it  is  necessary  to  design  a  vacuum  chamber  for  processing  shrimp,  asparagus, 
and  beef  stew  and  a  press  for  processing  pound  cake.  Capacity  of  both  the 
vacuum  chamber  and  press  is  to  be  1102  lbs/hr  of  these  foods, 

It  is  felt  that  all  or  moot  of  the  other  processing  equipment  needed  is  ccrnnSr- 
cially  available  and  can  be  accurately  defined  when  the  design  parameters  outlined 
in  Section  IV  are  known.  A  preliminary  selection  was  made  based  upon  known 
information  about  the  particular  task  and  physical  characteristics  of  the  material. 
This  equipment  appears  on  the  flow  sheets  of  the  four  foods  (shrimp-Fig.  3, 
asparagus-Fig,  6,  pound  cake-Fig,  11,  and  beef  stew-Fig.  14).  No  attempt  is 
made  to  define  the  facility  beyond  this. 

A.  Vacuum  Chamber.  The  vacuum  chamber  and  its  associated  equipment  are 
designed  based  upon  laboratory  test  data,  and  the  vacuum  chamber  shown 
in  Figure  IS  represents  a  scaled-up  version  of  this  equipment, 

The  vacuum  chamber,  vacuum  pump,  emulsion  trays,  snd  food  baskets  ara 
sized  according  to  the  desired  production,  in  this  cass  500  Kg/hr  or 
1102  lbs/hr.  Assuming  the  chamber  and  vacuum  pumping  system  is  sited 
so  that  the  required  28  inch  Hg  vacuum  is  drawn  in  four  minutes,  than 
the  required  6  cycles  would  taka  24  -inutes.  Alloting  6  minutes  for 
loading  and  unloading  the  required  processing  time  for  one  chamber  load 
would  be  30  minutes,  giving  two  loads  per  hour.  The  vacuum  chamber 
must  then  be  large  enough  to  produce  551  lbs  of  product  per  load,  Tha 
density  of  the  food  then  determines  the  final  size.  Table  1  gives  the 
densities  of  the  various  foods  and  Table  2  gives  the  associated  voluntas 
needed  for  the  required  production.  If  more  than  one  product  is  to  be 
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processed  in  the  same  chamber  then  the  chamber  should  be  sited  for  the 
food  with  the  greatest  volume  per  pound. 


Table  2  shows  that  of  the  three  foods  concerned,  i.e.  shrimp,  asparagus, 
and  beef  stew;  asparagus  has  the  greatest  volume  per  pound,  requiring 
52,650  cu  in/hr  to  obtain  1102  lbs  of  product  per  hour.  The  beef  stew 
is  not  considered  since  it  is  made  of  four  processed  foods  and  it  is 
assumed  that  these  foods  will  be  processed  separately,  stored,  and  then 
nixed  at  the  proper  weight  ratio  to  obtain  the  desired  production.  The 
chamber  (Figure  15)  than  in  order  to  process  asparagus  at  the  required 
production  rate  should  hold  ,52,650  or  approximately  26,400  cu  in. 

2 

The  rood  must  be  placed  in  baskets  so  as  to  be  submerged  in  the  filler 
material.  A  basket  one  inch  deep  was  selected  so  that  the  food  layer 
would  be  thin  enough  for  good  impregnation.  The  basket  would  be  retained 
in  a  tray  of  emulsion  with  1/2  inch  emulsion  depth  on  bottom  and  1/2  inch 
on  top  of  the  food,  thus  requiring  a  tray  about  three  inches  deep.  Allow¬ 
ing  for  adequate  clearance,  eight  trays,  32  inches  wide  will  fit  in  a  four 
foot  diameter  chamber,  which  is  a  convenient  size. 


Length  of  tray  »  =  103  inches.  For  ease  of  handling,  16  treye 

51,5  inches  long^ar43asA8.  In  orcsr  to  facilitate  loading  and  unloading 
the  food  trays  in  the  vacuum  chamber,  a  mobile  cart  is  provided,  running 
on  rails  which  extend  into  the  vacuum  chamber.  The  shelves  of  the  cart 
■re  In  actuality  heating  plattsns  containing  a  circulating  heating  fluid 
which  maintains  the  correct  emulsion  temperature  during  the  penetration 
operation.  The  heating  fluid  lines  are  coupled  to  the  shelf  cart  by  flex¬ 
ible  b  .sea  after  the  cart  is  placed  in  the  chamber.  Before  the  cart  is 
removid  from  the  chamber,  the  heating  fluid  must  be  purged  from  the  .  art 
and  stored,  and  the  hoses  disconnected.  The  heating  fluid  temperature 
car.  be  maintained  by  a  steam  heat  exchanger  and  the  necessary  temperature 
controls. 


Loading  the  food,  in  the  basket,  filling  the  trays  with  emulsion,  and 
placing  the  food  basket  in  the  trays  can  be  accomplished  manually  or  by 
automatic  loading  and  unloading  equipment.  The  cart  should  move  along 
tracks  to  the  stations  where  each  of  these  operations  are  performed. 

Once  the  cert  is  placed  in  the  chamber,  the  heading  fluid  hoses  connected, 
and  the  chamber  door  closed,  the  6  cycles  of  evacuation  and  release  can 
be  completely  automatic  by  vacuum  switches,  motor  operated  valves,  and 
electric  timers, 

B.  Preaa.  The  design  parameters  for  a  press  to  force  fillers  into  fooda 

are  established  by  laboratory  tests  and  by  contract  No,  BA  19-129-AMC-04(N) . 
The  laboratory  testing  equipment  and  test  results  are  described  in  the 
earlier  part  of  this  report.  These  tests  show  that  for  good  penetration 
the  die  pressure  required  ia  100  psi  and  that  the  pressure  should  be  aain- 
tained  for  60  seconds.  The  above  contract  specifies  the  food  sample  site 
be  1"  x  2"  x  1/2"  and  that  the  production  rate  be  500  Kg/hr  (1102  lbs/hr). 

To  determine  the  number  of  dies  required  to  obtain  this  production,  it 
la  necessary  to  establish:  (1)  Density  of  product  in  lbs/cu  in; 

(2)  Weight  of  one  bar  of  product;  (3)  Number  of  bars  needed  to  weigh 
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1102  pounds;  (4)  Number  of  cycles  obtainable  per  hour  of  each  die;  and 
(5)  pounds  of  production  per  hour  per  die. 

For  pound  cake,  the  selected  food  for  the  positive  pressure  system,  the 
impregnated  density  is  .88  gms/cc  (Table  1)  x  ,032?  *  .032  lbs/cu  in. 

.661  x  16 

One  bar  of  product  1  x  2  x  ,5  =  1  cu  in,  so  one  bar  weighs  .032  pounds. 

Bars  needed  to  weigh  1102  lbs  =  1102  =  34,375, 

,032 

A  machine  capable  of  producing  34,375  bars  per  hour  is  the  design  goal. 
Assuming  5  seconds  to  load  the  food  and  emulsion  into  the  die  and  2  sec¬ 
onds  to  eject  the  product,  establishes  the  cycle  time  for  the  die  at  67 
seconds;  therefore,  =  53,73  cycles  per  hour  per  die.  Pounds  of 

product  per  hour  per  die,  then,  is  53.73  x  ,032  s  1,72,  The  number  of 
dies  required  for  1102  lbs  of  product  is  or  640.  This  data,  and 

data  for  pancakes  and  Zwieback  toast  is  gi$en  in  Table  3, 

A  die  large  enough  to  produce  a  product  food  bar  1”  x  2"  x  1/2"  would  need 
a  spacing  of  about  1,9  inches.  If  placed  in  a  straight  line,  this  machine 
would  be  over  100  feet  long ,  and  each  die  would  have  to  be  loaded  and 
unloaded  by  a  separate  feed  mechanism.  To  simplify  the  die  loading  and 
unloading  and  to  decrease  the  required  machine  floor  space,  it  was  decided 
to  place  the  dies  in  a  circular  pattern  and  rotate  the  machine  so  that 
the  load-eject  stations  would  be  the  same  for  all  dies.  A  machine  with 
640  dies  and  the  above  die  spacing  would  then  be  101.3  feet  in  circumfer¬ 
ence,  or  32.2  feet  in  diameter.  A  rotating  machine  of  this  size  would 
still  be  too  complex  and  costly.  Three  machines,  each  having  2.13  dies 
would  greatly  simplify  the  design,  being  only  11  feet  in  diameter.  A 
concept  of  this  machine  is  shown  in  Figure  17,  with  an  enlarged  detail 
of  a  die  element  shown  in  Figure  18, 

Providing  one  common  loading  and  ejecting  station  to  serve  all  dies  would 
require  the  machine  to  rotate  once  during  a  pressing  cycle,  which  is 
67  seconds.  Rotational  speed  then  is  ®£.  or  .095  R.P.M.,  giving  .895  x 
213  s  191  bars  per  minute.  Three  machines  then  give  191  x  60  x  3  »34,400 
bars  per  hour  which  is  the  required  production  for  1102  lbs  of  product 
per  hour.  One  food  pressing  cycle  (one  revolution  of  the  machine)  is 
showh  in  Figure  16. 

The  vacuum  outlet  and  the  filler  inlet  are  plunger  type  valves  with  the 
plunger  extending  into  the  sleeve  flush  with  the  inside  surface  to  prevent 
plugj^ug.  The  valve  plunger  may  be  solenoid  actuated  and  switch  controlled, 
or  a  spring  loaded  cam  actuated  type.  The  die  must  also  contain  a  cartridge 
type  heater  to  control  the  filler  material  temperature. 


VI.  CONCLUSION 


Infiltration  of  porous  foods  with  high  caloric  fillsra  by  ths  vacuum 
ralaasa  system  and  by  tha  positive  pressure  system  ie  feasible  on  a  large 
scale  production  basis.  Most  of  the  equipment  for  handling ,  mixing,  blend¬ 
ing.  feeding,  etc.  is  available  conmercially  and  the  equipment  that  would 
have  to  be  designed  is  not  so  complex  that  it  would  prove  economically 
infeasible.  It  is  recommended  that  further  study  be  given  the  equipment 
and  that  a  pilot  plant  be  defined  for  the  above  two  systems. 
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TABLE  2 


VOLUME  DATA  -  VACUUM  CHAMBER 


Food 

Q 

Flow  Rata 
lbs/hr 

D 

Density 

gms/ec 

0453.6 

516.1 9 

Volume 
cu  in/hr 

Ql  • 
Filler 
Flow  Rate 
lbs /hr 

,  Dl 
Filler 

Density 

ff»s/cc 

Q,  453.6 

Volusia 
cu  in/hr 

Puffed  Rice 

42.0 

.008 

2 (381,400 

508. 0 

.42 

33,470 

Chicken 

484.0 

.390 

34,346 

621.0 

.50 

34,370 

Beef 

491.0 

.440 

30,880 

612.0 

.55 

x30,780 

Shrlep 

298.0 

.310 

26,600 

806.0 

.84 

26,550 

Fees 

144.4 

.125 

32,000 

957.6 

.83 

40 ,000 

Asparagus 

118.0 

.062 

52,650 

990.0 

.52 

52,670 

Strawberries 

78.2 

.083 

26,064 

460.6 

L.40 

9,100 

Apples 

243.0 

.140 

48,017 

381.0 

.66 

16,000 

Cottage  Cheese 

794.4 

1.200 

18,310 

352.6 

.25 

40,000 

Rice 

385.7 

0.790 

13,500 

165.3 

.80 

5,700 

Onions 

7.3 

0.120 

1,680 

3.7 

.80 
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TABLE  3 

PRODUCTION  DATA  -  POSITIVE  PRESS 


Food 

ispregnated 

Density 

*m/Q* 

Iapregnated 
Density 
lbs/cu  in 

Weight 

Per  Bar 

lbs 

Bars 

Par 

L102  lbs 

Lb#/ 

hr/die 

bias  R*qrd 

for 

1102  lbs/hr. 

Pound  Cake 

.11 

.0320 

.0320 

34,3/S 

1.72 

640 

Pancake 

.•2 

.0860 

.0330 

33,00B 

1.77 

621 

Zwiebctk  Toast 

.*3 

.0115 

.0335 

32, 8M 

1.80 

111 

FIG.  1  PROCESS  FLOW,  DIAGRAM 
FREEZE-DRIED  BEEF,  500  Kg/hr  (1102  lb«/hr) 


17"  II 


STORAGE 


FILLER  STORAGE 


PRODUCT 

STORAGE 


FIG.  2  PROCESS  FLOW  DIAGRAM 
FREEZE-DRIED  CHICKEN,  500  Kg/hr.  (1102  lbs/hr.) 

11-12 


FIG.  *  PROCESS  FLOW  DIAGRAM 
FTvEEZE-DRJED  COTTAGE  CHEESE  500  Kg/hr  (1,102  lb*/hr) 
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478.8  Iba/br 


FIG,  6  PROCESS  FLOW  DIAGRAM 
FREEZE-DRIED  ASPARAGUS,  500  Kg/hr  (1102  lbs/hr) 


1102  lbs/hr 
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FEE! 

_____ 

DER 
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CAGING 

I 1102  lbs /hr 
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PRODUCT 

STORAGE 


FIG,  7  PROCESS  FLOW  DIAGRAM 
FREEZE-DRIEJ  STRAWBERRIES  500  Kg/hr  (1102  Ibs/hr) 
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FZ6.  8  PROCESS  FLOW  DIAGRAM 
FREEZE-DRIED  APPLES,  500  Kg/hr  (1102  lbs/hr) 
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FIG.  9  PROCESS  FLOW  DIAGRAM 
PUFFED  RICE,  500  Kg/hr  (1102  lbs/hr) 

SV-19 
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STORAGE 


FILLER  STORAGE 


FIG.  10  PROCESS  FLOW  DIAGRAM 
ZWIE3ACK  TOAST,  500  Kg/  hr  (1102  lbs/hr) 
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rXG.ll  PROCESS  now  DIAGRAM 
POUND  CAKE,  500  Kf/hr  (1102  lb«/hr) 
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66  lbe/hr 


FILLER  STORAGE 


FIG.  12  PROCESS  FLOW  DIAGRAM 
PANCAKE  500  Kg«/hr  (  1102  lbs/hr  ) 


MACARONI ,  500  Kg/hr  <1102  Ub»/hr) 

IT-2- 


PRODUCT  STORAGE 


STORAGE 


FILLER  STORAGE 


FIG,  14  PROCESS  FLOW  DIAGRAM 
DEHYDRATED  BEEF  STEW  500  Kg/hr  (1102  lbs/hr) 
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FIG.  16  POSITIVE  PRESSURE  FOOO  IMPREGNATING 
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